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The Late Permian shoshonitic province of the southern Sydney Basin 
comprises extrusions and intrusions which have present exposures 
confined to the 140 km of coastal region between Durras and Wollongong 
but geophysical and sedimentological data suggest extension of the 
province offshore from Wollongong for approximately 200 km to the 
northeast.
Nine extrusive units comprising five basalts, three basaltic 
andesites and an andesite have been recognized. Late Permian intrusions 
can be grouped into three major intrusive complexes comprising the 
Termeil, Milton and Coonemia Complexes, and small sills at Stockyard 
Mountain and Towradgi. The Termeil Complex consists of a stock of 
monzogabbro and related basalt dykes and sills whereas the Milton 
Complex comprises monzonitic sills and a layered monzonitic stock formed 
by multiple intrusion. The Coonemia Complex is composed of numerous 
dykes and sills and a layered laccolith of monzonite (upper zone) and 
porphyritic monzogabbro (lower zone) which was formed by in situ 
differentiation of a basic magma now represented by the upper and lower 
border zones. The Late Permian age of the extrusions is indicated by 
biostratigraphic, palaeomagnetic and K-Ar data whereas the age of the 
intrusive rocks is based on K-Ar data and similarity in petrography and 
geochemistry to dated rocks.
Primary minerals in all samples of the Late Permian igneous rocks 
comprise plagioclase, K-feldspar, clinopyroxene, olivine, Fe-Ti oxide 
and accessory apatite. Minor analcite, quartz and biotite occur in 
some samples. Many of the rocks are porphyritic with plagioclase as the 
most abundant phenocrystic phase followed in order of decreasing 
abundance by clinopyroxene, pseudomorphs after olivine, and Fe-Ti oxide. 
Phenocrystic plagioclase ranges from bytownite to andesine and the 
maximum An content decreases in the series basalt-basaltic andesite- 
andesite. Compositions of cores of plagioclase phenocrysts in the 
layered laccolith of the Coonemia Complex do not show any appreciable
variation with height above the base of the intrusion but groundmass 
grains and rims of phenocrysts increase in Ab content with increasing 
height. The only pyroxene of the rocks of the province is augite which 
lacks appreciable Fe enrichment and has a similar composition irrespect­
ive of the host rock type, or occurrence as a phenocryst or in the 
groundmass. Fresh olivine is rare and when present is relatively Mg-
rich (F°84)’
Most rocks of the province are basic and the maximum SiC>2 content 
is 60.64%. The total-rock chemistry is characterized by relatively low 
contents of Ti0 2 and compatible elements, and high Al20 y  total alkali 
and large-ion lithophile element contents and high ratios of ferric to 
ferrous iron and K^O to Na^O. Basic rocks are near saturated and are 
relatively evolved with a maximum M-value of 58.9 and a minimum 
Differentiation Index of 27.0. Fe-enrichment is absent and all rocks 
show moderate fractionation of rare earth elements (REE) and the degree 
of enrichment of REE increases with increasing SiC>2 content.
Trace element modelling on the basis of published partition 
coefficients and possible source compositions suggests that the 
shoshonitic magmas were generated by 1 0 to 15% partial melting of spinel 
lherzolite which had been enriched previously in incompatible elements. 
Subsequent to generation, 20 to 30% fractionation of early formed 
olivine, pyroxene and spinel produced the most basic rocks of the 
province. The generation of the shoshonitic magmas was not directly 
related to Benioff zone magmatism but the enrichment of the source 
region in incompatible elements may have been related to a pre-Late 
Permian subduction event.
Variations in the extrusive series and variations within intrusive 
complexes can be explained by fraction of the observed phenocrystic 
assemblage. Variations in the province possibly reflect slight
differences in the source compositions, or the degree of partial melting
of the source region, or fractionation or any combination of these
mechanisms
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This thesis embodies a synthesis of the history of Permian igneous 
activity in the southern Sydney Basin of central eastern New South 
Wales. The rocks of the southern part of the Sydney Basin consist of
Permian to Triassic marine and non-marine sedimentary rocks with minor 
(in volume and areal extent) interbedded volcanic rocks of Permian age. 
Numerous intrusions have been emplaced into the Permian and Triassic 
sequences and basalts have been extruded onto the post-Triassic land- 
surface. Several of the intrusions and extrusions have been dated
previously using stratigraphic criteria, palaeomagnetic evidence, and 
K-Ar data, but no comprehensive investigation of the petrography and 
geochemistry of the Permian igneous rocks had been undertaken.
1 * 2 GEOLOGICAL SETTING
2The Sydney Basin covers an onshore area of approximately 32,000 km
2and at least 16,000 km offshore to the edge of the continental shelf 
(Fig. 1-1). The basin is bounded to the west and north by the rocks of 
the Lachlan and New England Fold Belts respectively, and in the 
northwest the Sydney Basin is linked via the contiguous Gunnedah Basin 
to the Bowen Basin of central Queensland. Almost flat-lying, relatively 
undeformed strata comprise the Sydney Basin sequence.
A multistage process of cratonic accretion in the Lachlan Fold Belt 
followed by subsidence as part of a foredeep was responsible for the 
formation of the Sydney Basin in the Late Palaeozoic. During the Late 
Carboniferous the trench of a westerly dipping subduction zone lay to 
the east of the present coastline (Scheibner, 1973). A volcanic chain
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and accretionary wedge developed above the subduetion zone to form the 
New England Arch. At this time the Sydney Basin did not exist as a 
structural entity (Branagan et al., 1976), but valley-fill deposits of 
fluvio-glacial origin accumulated in the region of the future basin 
(Herbert, 1972). During the Early Permian, subduetion along the Benioff 
zone ceased and the slow subsidence of the New England Arch and the 
eastern margin of the Lachlan Fold Belt created an extensive continental 
platform. Early Permian sediments were deposited across this shelf and 
over the continental slope into an adjacent trench to the east. A mid­
Permian period of diastrophism produced the New England Fold Belt and 
the final structural shape of the Sydney Basin (Branagan et al., 1976). 
Subsequent to stabilization of the Lachlan and New England Fold Belts at 
the end of the Permian, fluviatile and deltaic deposition in the Sydney 
Basin continued until at least the end of the Triassic.
The earliest phase of igneous activity in the Sydney Basin (Early 
Permian) was an extension of the Late Carboniferous volcanicity which 
occurred along the western edge of the New England Arch, and possibly 
the eastern edge of the Lachlan Fold Belt (Branagan et al., 1976). This 
phase of igneous activity was restricted to the northern part of the 
basin. A period of quiescence ensued until the Late Permian when 
igneous activity commenced in the southern Sydney Basin. This second 
phase of Permian igneous activity was synchronous with the deposition of 
the upper part of the marine Shoalhaven Group, and the overlying 
Illawarra Coal Measures. Intermittent igneous activity continued from 
the mid-Mesozoic until the Tertiary (Branagan et al., 1976; Carr & 
Facer, 1980).
1 * 3 PREVIOUS WORK
Numerous papers dealing with various aspects of the geology of the
Sydney Basin have been published since the first European explorations
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in 1770. Reference will be restricted to the literature which has had a 
significant bearing on the present knowledge of the Permian igneous 
activity of the southern Sydney Basin. These and other publications are 
referred to in the appropriate sections of the thesis.
Investigations undertaken by personnel from the Geological Survey 
of New South Wales during the early twentieth century (e.g. Jaquet et 
al., 1905) culminated with the publication of a memoir (Harper, 1915) on 
the geology of the coastal region between Port Hacking and Durras 
(Fig. 1-1). Although Harper (1915) deals mainly with the general 
geology of the Southern Coalfield, brief petrographic descriptions and 
whole-rock chemical data for some of the igneous rocks were presented. 
The geology of the Milton district was described by Brown (1925).
An account of the alteration associated with a Permian igneous 
rock-unit at Port Kembla was published by Browne & White (1928) and 
thirty four years later Wilshire & Hobbs (1962) re-interpreted the 
outcrop. The petrology of the Five Islands was described by Chalmers 
(1941). Radiometric ages for four of the igneous rock-units of the 
Wollongong-Kiama region were published by Evernden & Richards (1962), 
and Joplin (1968) summarized the petrography of some of the Permian 
igneous rocks of the southern Sydney Basin. Raam (1969) described the 
stratigraphy of the Kiama region and presented new data in favour of an 
extrusive mode of emplacement for the Permian igneous rocks of the Kiama 
district.
A review of the geology of the Sydney Basin (Mayne et al., 1974) 
and syntheses of earlier work (Branagan et al., 1976; Herbert & Helby, 
1980) have recently been published. K-Ar dating of igneous rocks of the 
southern Sydney Basin (Facer & Carr, 1979; Carr & Facer, 1980) has 
established a Permian age of emplacement for some rocks previously 
considered to be post-Permian in age.
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1 ‘ 4 THE LATE PERMIAN SHOSHONITIC PROVINCE OF THE SYDNEY BASIN
Carmichael et al. (1974) have defined a petrographic province as 
any region within which igneous rocks are related in time and space. 
The Late Permian igneous rocks of the Sydney Basin fit these criteria 
and therefore can be considered as members of a petrographic province. 
Assuming the ages of various igneous rock-units from Chapter 3, the 
province extends along the coas.tal region from Durras for 140 km to 
Wollongong (Fig. 1-1). The northernmost outcrop of a confirmed Late
Permian igneous rock in the southern Sydney Basin occurs 4 km north of 
Wollongong at Towradgi Point (Carr & Facer, 1980); although the 
petrographic province is probably more extensive than is indicated by 
present exposures. Ringis et al. (1970) have used a magnetic survey to 
trace the volcanic rocks of the Kiama region offshore from Wollongong 
for approximately 200 km towards the northeast. Additional evidence in 
support of extension of the province to the northeast of Wollongong is 
provided by sedimentological data from the strata overlying the Permian 
volcanic rocks. Palaeocurrent directions for the strata of the upper 
Shoalhaven Group and lower Illawarra Coal Measures are from the south, 
whereas the upper Illawarra Coal Measures and overlying Triassic 
Narrabeen Group were derived from the northeast (MacRae, 1978). The 
petrography of the clasts in all these strata is consistent with 
derivation from a volcanic source (B. G. Jones, pers. comm., 1980). 
Detailed studies of the petrography of clasts, mineralogy, palaeo- 
currents and isopachs of the upper Narrabeen Group also indicate 
derivation from a highly weathered basic to intermediate volcanic 
terrain to the east of the present coastline (Retellack, 1977). Thus 
both the geophysical and sedimentological data accord with the existence 
of an eroding volcanic region off the present coastline and suggest that 
the Late Permian petrographic province extended from Durras to the north
and northeast probably for at least 340 km
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Although shoshonites were defined by the end of the nineteenth 
century (Iddings, 1895) the shoshonitic rock association was first 
recognised nearly seventy years later (Joplin, 1964). The original 
definition of the association referred to the suite of potassium-rich 
rocks equivalent to the alkali basalt magma series (Joplin, 1964) but 
has been expanded (Joplin, 1968; Morrison 1980) to encompass the group 
of rocks which is near silica saturated, potassium-rich and has low iron 
enrichment on AFM diagrams. The rocks of the association are charac­
terised by: hypersthene-olivine normative basalts, low iron enrichment, 
high total alkalis, high content of large-ion lithophile elements, high 
but variable Al^O^, high Fe^O^/FeO and low TiO^ (Morrison, 1980). 
Assuming the conclusions of Chapter 6 , the geochemistry of the Late 
Permian petrographic province is typical of rocks of the shoshonitic 
rock association.
1.5 IGNEOUS ROCK NOMENCLATURE
The International Union of Geological Sciences (I.U.G.S.) sub­
commission on the systematics of igneous rocks has published recommend­
ations for the classification and nomenclature of plutonic rocks 
(Streckeisen et al., 1973) and volcanic rocks (Streckeisen, 1979) 
based on modal mineral contents. Where the modal contents of the 
Permian igneous rocks of the southern Sydney Basin can be determined 
accurately, the nomenclature employed in this thesis follows that of the
I.U.G.S. However, the modal mineralogy of the volcanic rocks and some 
of the intrusive rocks cannot be determined accurately because of the 
fine-grained to cryptocrystalline groundmass. This precludes the usage 
of the classification and nomenclature recommended by the I.U.G.S. and 
necessitates the employment of chemical parameters as a basis for
classification
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The Permian igneous rocks of the southern Sydney Basin are members 
of the shoshonitic rock association (Section 6.1) and thus can be 
subdivided on the basis of Si02 contents (Morrison, 1980). The 
subdivisions are:-
shoshonitic basalt 




53 to 57 
57 to 63
The classification of Morrison (1980) does not include the term 
latite which is firmly entrenched in the literature as part of the 
formal stratigraphic name for each of the Permian lavas of the southern 
Sydney Basin. A literature survey, however, shows that the term latite 
has a wide meaning and is justifiably not included in the class­
ification. Ransome (1898) proposed the term latite as a convenient 
designation for the entire group of extrusive rocks standing chemically 
about midway between andesites and trachytes and corresponding to the 
plutonic monzonites. Joplin (1968) redefined latite as a rock with 
about 59 to 64 weight percent SiO^, a Na^O to rat -̂° of 1 to 2 and a 
Thornton and Tuttle Differentiation Index between 65 and 76. The term, 
however, generally is taken to mean an extrusive rock with plagioclase 
and K-feldspar in nearly equal amounts as phenocrysts, little or no 
quartz and a fine-grained crystalline to glassy groundmass which may 
contain obscure K-feldspar. The term latite is used in the widest 
possible sense in this thesis and is taken to mean a fine- to medium­
grained intermediate rock with equal or nearly equal amounts of 
plagioclase and K-feldspar. In some cases the presence and abundance of 
K-feldspar may need to be inferred from chemical data. The lithological 
part of the formal stratigraphic name of each of the lavas near the top 
of the Shoalhaven Group and base of the Illawarra Coal Measures need not 
be changed if the term is used in this broad sense.
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1. 6 AIM
The aim of the present study is to develop a model for the
petrogenesis of the Late Permian igneous rocks in the southern Sydney
Basin* This necessitates consideration of the following features:
(a) the mode of emplacement of the Late Permian igneous rocks;
(b) distinction between Permian and post-Permian igneous rocks in the 
southern Sydney Basin;
(c) the petrography, mineral chemistry and total-rock geochemistry 
of the rocks of the Late Permian petrographic province; and





STRATIGRAPHY AND MODE OF EMPLACEMENT
2.1 STRATIGRAPHY
The southern Sydney Basin is composed of Permian and Triassic 
sedimentary rocks which were subjected to periods of igneous activity in 
the Late Permian, Late Triassic to Early Jurassic, mid-Cretaceous, and 
latest Cretaceous to Late Oligocene (Carr & Facer, 1980). Figures 2-1 
and 2-2 summarize the geology of the area discussed here and Table 2-1 
indicates the stratigraphic nomenclature used by previous workers and 
that developed by the author.
Folded Palaeozoic rocks are unconformably overlain by the Late 
Carboniferous Talaterang Group which consists of valley-fill deposits of 
terrestrial, fluvial or fluvio-glacial origin (Herbert, 1972). The 
Permian sequence in the southern Sydney Basin unconformably overlies 
these Late Carboniferous and earlier Palaeozoic strata. In the southern 
extremity of the basin minor Early Permian coal measure sedimentation 
(Clyde Coal Measures) occurred as a lateral v«stern equivalent of the 
shallow marine Conjola Sub-group. These shallow marine strata consist 
of pebbly sandstones and siltstones with some sedimentary breccias near 
the base. The breccias may represent solifluction mass-flow deposits 
and the abundance of large, erratic blocks in the remainder of the 
sequence suggests rafting by shore-ice and river-ice (Dickens et al., 
1969). The Conjola Sub-group is conformably overlain by the fossil-
iferous marine siltstone and fine-grained sandstone of the Wandra- 
wandian Siltstone which underlies the Nowra Sandstone. The boundaries 
between all the units in the lower Shoalhaven Group represent slightly 
diachronous facies changes and they all appear to grade westwards into 
the Megalong Conglomerate (McElroy et al., 1969). The Berry Siltstone 
conformably overlies both the Nowra Sandstone and the Megalong Con­
glomerate
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The unit above the Berry Siltstone (Table 2-1 ) was termed the 
Broughton Tuff by Joplin et al. (1952) who considered it to be divisible 
into a number of formations and members in the Gerringong-Wollongong 
region by the presence of distinctive extrusive units. The marine and 
igneous rocks between the Berry Siltstone and the Illawarra Coal 
Measures were grouped into the Gerringong Volcanics (Joplin et al., 
1952). Rose (1966) included the Gerringong Volcanics as a Sub-group of 
the Shoalhaven Group. He mapped the Budgong Sandstone Member (Berry 
Siltstone) which he considered was stratigraphically partially equiv­
alent to the Broughton Tuff. The distinctive igneous units near the top 
of the Shoalhaven Group had formation status (Harper, 1915; Joplin et 
al., 1952; Rose, 1966) but were termed members of the Gerringong 
volcanic facies by Bowman (1970, 1974). Sandstones between these
igneous rocks have been described as formations (Harper, 1915; Rose, 
1966) and as members (Joplin et al., 1952; Bowman, 1970, 1974).
In the present work, the Berry Siltstone is considered to be partly 
laterally equivalent to the Broughton Formation (Fig. 2-2) which locally 
(Wollongong-Gerringong region) can be subdivided into members by the 
recognition of the various latites near the top of the Shoalhaven Group 
(Table 2-1). The name Broughton was chosen in preference to Gerringong 
(equal priority) as the former proposal appears to reflect most closely 
the original intention of the nomenclature proposed by Jaquet et al. 
(1905, plate VII). In addition, usage of the name Broughton Formation 
allows the term Gerringong volcanic facies to be used as an informal 
name for the complete succession of volcanic flows in the upper 
Shoalhaven Group and lower Illawarra Coal Measures. The term Budgong 
was rejected since it was introduced by Rose (1966) long after both
Broughton and Gerringong had been initially defined (Joplin et al.r 
1952). In the Wollongong-Gerringong area the Broughton Formation is 
subdivided into three sandstone members and five latite members. The 
basal Westley Park Sandstone Member conformably and gradationally 
overlies the Berry Siltstone at Mount Coolangatta. All the sandstone 
members consist of massive to flat- and cross-bedded, poorly sorted 
volcarenites containing numerous clasts (up to 50 cm) of latite. The 
sandstones are usually bioturbated and contain a locally abundant 
shallow marine fauna. Subdivision of the sedimentary strata into 
members is based entirely on the presence of interbedded latites. The 
top of the Cambewarra Latite Member or the equivalent boulder horizon 
marks the top of the Shoalhaven Group (Harper, 1915) and thus the top 
of the Broughton Formation.
The Broughton Formation is conformably overlain by the non-marine 
deposits of the Pheasants Nest Formation at the base of the Cumberland 
Sub-group of the Illawarra Coal Measures (Table 2-1). The sedimentary 
strata of the Pheasants Nest Formation consist of interbedded sand­
stone, siltstone and shale which lack marine fossils but contain fossil 
tree stumps, logs, plants and coal. Four latite members are interbedded 
with these sedimentary strata.
2.2 EXTRUSIVE IGNEOUS ROCKS
Broughton Formation
2.2.1 Blow Hole Latite Member
Jaquet et al. ( 1905) named the Blow Hole Flow which was redefined 
as the Blow Hole Latite by Joplin et al. (1952). The member is 
stratigraphically the lowest of the Permian flows in the Kiama- 
Wollongong region with present outcrops confined to a narrow zone from 
Kiama southwards for 22 km to Mount Coolangatta (Fig. 2-3). The outcrop
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from Kiama to Black Head is almost continuous but further southwards it 
is only preserved as a small outlier on Mount Coolangatta. The present 
eastern limit of the unit is defined by the coastline whereas towards 
the north and west, the Blow Hole Latite Member dips below the land 
surface within 5 km of the sea.
The Blow Hole Latite Member, which thins towards the south and west 
(Figs 2-4, 2-5), has a maximum exposed thickness of 50 m at Mount
Pleasant Ridge (Figs 2-3, 2-5). The northern subsurface extent is 
unknown, but the unit was not encountered in Farmout Drillers N.L. 
Stockyard Mountain No 1 drill-hole which is situated 11 km to the 
northwest of Kiama.
The unit contains pillow-like structures (Fig. 2-6), columnar 
joints and breccias (Fig. 2-7) consisting of latite in a sedimentary 
matrix showing soft-sediment deformation structures. Both the pillows 
and breccias have been described in detail by Raam (1964, 1969) who 
considered that these features indicate that the Blow Hole Latite Member 
was contemporaneous with the associated sedimentary rocks. Since the 
sandstone units both above and below the Blow Hole Latite Member contain 
sedimentary structures and an abundant fauna indicative of a near-shore 
marine environment (Raam, 1968), the Blow Hole Latite Member is 
interpreted as a near-shore, submarine flow onto wet, unconsolidated 
sediments. Locally the flow intruded into the sediments and has some 
contacts of an intrusive nature.
2.2.2 Bumbo Latite Member
The Bumbo Flow which overlies the Kiama Sandstone Member was 
originally named by Jaquet et al. (1905) and was redefined as the Bumbo 
Latite by Joplin et al. ( 1952). This unit is one of the most extensive 
and most voluminous Permian flows of the southern Sydney Basin and it
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crops out over a total area of approximately 240 km (Fig. 2-3). 
Outcrops which may have occurred south of Black Head have been removed 
by erosion as have outcrops east of the present coastline. The known 
western extent of the unit is controlled by the dip below groundlevel 
within 1 2 km of the sea, whereas the northern limit of outcrop is 
extended to near the southern shore of Illawarra Lake by the folding of 
the unit over the Stockyard Dome in the vicinity of Stockyard Mountain 
(Figs 2-3, 2-8). A maximum thickness of 150 m is developed at Mount
Pleasant Ridge but the unit thins to the north, west and southwest 
(Fig. 2-8).
The Bumbo Latite Member grades upwards from massive latite into a 
rock with well developed columnar jointing (Fig. 2-9). The base of the 
unit is well exposed at Bombo Point where the contact is either sharp 
(Fig. 2-10) or is marked by a basal breccia up to 3 m thick. Sub­
vertical to vertical pipe-like masses of breccia, 5 to 40 m in diameter, 
occur at many localities. Contacts between the breccia pipes and the 
surrounding latite are gradational with a decrease in the number of 
vesicles away from the core of the breccia zone. Both the basal breccia 
and pipe-like masses of breccia consist of clasts of latite in a matrix 
of sedimentary material and cement of zeolite and hematite. The 
sedimentary material is indistinguishable from the underlying Kiama 
Sandstone Member and shows contorted bedding (Fig. 2-11) which has been 
interpreted by Raam (1964) as a soft-sediment deformation structure. The 
breccias appear to have formed as a result of the interaction of magma 
with the underlying cold, water-saturated sediment. Steam produced at 
this contact fragmented the base of the lava flow and, in some areas,
2
dragged up wet sediment into the overlying volcanic rock (Raam, 1964)
2,2.3 Saddleback Latite Member
The Bumbo Latite Member is overlain by the Jamberoo Sandstone 
Membe: which, in turn, underlies the Saddleback Latite Member.
Nomenclature of the latter unit has been varied and problematical. The 
extrusion was defined as the Saddleback Flow by Jaquet et al. (1905) and 
renamed the Dapto-Saddleback Flow by Harper (1915) who considered that 
the tv*o unconnected outcrops in the vicinity of Port Kembla in the north 
and Saddleback Mountain in the south resulted from the same flow. 
Jopliu et al. (1952) accepted Harper's opinion and redefined the two 
outcrops as one unit —  the Saddleback Latite. Bowman (1970, 1974)
considered that the Port Kembla and Saddleback Mountain outcrops 
resulted from two flows at different stratigraphic levels. Thus Bowman 
(1970, 1974) mapped the Saddleback Latite Member in the south, and, to
the north, the Dapto Latite Member which he considered to overlie the 
Cambewarra Latite Member. In the present investigation the Saddleback 
and Dapto Latite Members are considered to be separate flows which 
occupy similar stratigraphic positions below the Cambewarra Latite 
Member (Section 2.2.6).
Outcrops of the Saddleback Latite Member extend around the 
Illawarra escarpment from the southern side of Saddleback Mountain to 
Woodhill and the eastern limit of Kangaroo Valley (Fig. 2-3). The unit 
does not occur on the northern slopes of Saddleback Mountain but crops 
out further to the north along the scarp on the southern flanks of 
Stockyard Mountain. The maximum thickness of 35 m is developed on the 
southern side of Saddleback Mountain but the unit thins rapidly to the 
north and southwest (Figs 2-3, 2-12).
Harper (1915) interpreted the Saddleback Latite Member as being a 
submarine extrusion. This view was supported by Lowder (1964) who found 
probable pillow structures at several localities. Also, the presence of
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vesicles near the top of the unit is suggestive of emplacement at, or 
near, the earth's surface. Thus the Saddleback Latite Member is
interpreted as being a submarine lava flow.
2.2.4 Dapto Latite Member
All outcrops of the Dapto Latite Member occur in the vicinity of
. 2 Port Kembla within an area of approximately 100 km (Fig. 2-3).
Flagstaff Hill and surrounds provide the most extensive and thickest
(85 m) outcrop and the unit thins to thenorth, west and southwest away
from this area (Fig. 2-13). All except one of the Five Islands are
composed of Dapto Latite Member and small outcrops occur near the
northeastern shore of Illawarra Lake.
Various features present in the Dapto Latite Member and surrounding 
sedimentary rocks have been interpreted as indicating that the unit is a 
flat-topped laccolith intruded into unconsolidated Permian marine 
sedimentary rocks (Wilshire & Hobbs, 1962). However, since the time of 
publication of this article, drilling and extensive road-making 
activities by the New South Wales D< -p. ir h t of Main Roads have provided
access to much more information regarding the mode of emplacement of the 
Dapto Latite Member. As the drill-core is not available the borehole 
logs of Cook (1966) were used to provide subsurface data on the Dapto 
Latite Member. Integration of the data from many outcrops and the bore­
holes (Fig. 2-14) provides the following interpretation:
(i) The top of the Dapto Latite Member is uneven and is overlain by 
approximately 3 m of sandstone containing abundant feldspar 
crystals and fragments of the underlying latite. The fragments 
of igneous rock are usually rounded, are concentrated into part­
icular horizons, and are isolated from the main mass of igneous 
rock. The clasts of the Dapto Latite Member in the sedimentary 
rocks are undoubtedly detrital in origin.
(ii) Although fine-scale individual horizons are difficult to follow 
in outcrop, near horizontal bedding (dip 3° to north-northwest) 
is apparent in the sedimentary rocks above the Dapto Latite 
Member. Apart from localised draping of bedding over the de- 
trital latite clasts, there is no evidence of bedding distortion 
that would be expected to accompany the intrusion of a large mass 
of igneous rock into unconsolidated sediments.
(iii) The Dapto Latite Member consists of two flows which, over much of 
the region, are separated by a breccia. The borehole logs of 
Cook (1966) describe the breccia as a complex succession of 
sandstone, siltstone and blocks of latite ranging from 5 cm to 
3 m in vertical extent. The sedimentary rocks contain clasts of 
feldspar and latite and, apart from steeply inclined contacts 
with the latite blocks, are horizontally bedded with small lenses 
of cross-bedding. The latite blocks probably originate by a 
combination of the following:
(a) detrital blocks; and
(b) pyroclastic blocks, including blocks slumped from the front of 
an advancing lava flow of aa-aa type.
2.2.5 Cambewarra Latite Member
The Cambewarra Latite Member is the uppermost unit of the marine 
Shoalhaven Group and is the most extensive of the Permian extrusions in 
the southern Sydney Basin. The flow has a pronounced physiographic 
expression and forms steep slopes or cliffs extending from Browns 
Mountain to the northern side of Stockyard Mountain (Fig. 2-3). Between 
Stockyard Mountain and Wollongong, the Cambewarra Latite Member is 
represented by a boulder horizon (Harper, 1915). The Cambewarra Latite 
Member thins to the north, west and east away from a maximum thickness 
of 70 m at Woodhill (Figs 2-3, 2-15).
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Numerous amygdales and vesicles near the top of the Cambewarra 
Latite Member indicate that crystallization occurred at or near the 
earth's surface. A subaqueous, extrusive mode of emplacement is denoted 
by the presence of pillow structures with an inter-pillow matrix of 
shale and sandstone (Lowder, 1964).
A boulder horizon consisting of numerous vesicular and amygdaloidal 
clasts of the Cambewarra Latite Member embedded in a volcarenite extends 
beyond the northern limit of the flow to Wollongong. Harper (1915) 
considered that the boulder horizon originated by erosion and sub­
sequent deposition of clasts of Cambewarra Latite Member by a strong 
marine current flowing towards the north. The direction of the current 
was deduced from the absence of the boulder horizon south of Saddleback 
Mountain and the decrease in size of the clasts in the northerly 
direction, whereas marine deposition is indicated by the presence of 
marine fossils in the horizon. A palaeocurrent from the south is 
consistent with recent work on the sedimentology of the upper part of 
the Shoalhaven Group and lower part of the Illawarra Coal Measures 
(Bowman, 1974; B. G. Jones, pers. comm., 1980). Deposition of the
Cambewarra boulder horizon by longshore drift along a prograding boulder 
beach accords with these investigations. Harper (1915) traced the 
boulder horizon as far north as the Wollongong Water Supply Service 
Reservoir which was situated 5 km north-northeast of Flagstaff Hill 
(Fig. 2-3). Excavation of a 30 m deep cutting through the western flank 
of Flagstaff Hill by the New South Wales Department of Main Roads has 
exposed a conglomerate 3 to 5 m stratigraphically above the Dapto Latite 
Member. The conglomerate, which contains rounded clasts of amygdaloidal 
igneous rock in an arenite matrix, is considered to represent the
boulder horizon in this region.
2.2.6 Stratigraphic relationships between the Dapto and
Saddleback Latite Members
Harper (1915) considered the Dapto Latite Member to be a northern 
extension of the Saddleback Latite Member. Since there is no evidence 
of continuity between the outcrops at Saddleback Mountain and Port 
Kembla, and since the thickness of igneous rock decreases away from a 
maximum for each area, the units are considered to have resulted from 
eruption from two separate vents.
The top of the Cambewarra Latite Member or the equivalent boulder 
horizon marks the top of the marine Shoalhaven Group (Harper, 1915). 
The contact between the Saddleback Latite Member and the overlying 
Cambewarra Latite Member is poorly exposed but no evidence has been 
found for the existence of sedimentary material between the two latites. 
In contrast, the Dapto Latite Member is separated from the Cambewarra 
boulder horizon by at least 3 m of sedimentary strata (Section 2.2.5). 
Thus both the Dapto and Saddleback Latite Members occur within the 
Shoalhaven Group and occupy similar stratigraphic positions below the 
Cambewarra Latite Member or the equivalent boulder horizon. Assuming 
that deposition of the boulder horizon was essentially synchronous with 
eruption of the Cambewarra Latite Member, then either (i) the Saddleback 
and Dapto Latite Members are the same age, or (ii) the Dapto Latite 
Member is slightly older than the Saddleback Latite Member. Contemp­
oraneous eruption of the Saddleback and Dapto Latite Members implies 
that subsequent to the extrusion of these flows and prior to the 
emplacement of the Cambewarra Latite Member and boulder horizon, 
sediment accumulated in the Port Kembla region whereas no deposition 
occurred in the vicinity of Saddleback Mountain. Alternatively, if the 
Dapto Latite Member is slightly older than the Saddleback latite Member,
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sediment accumulated on top of the Dapto Latite Member prior to, and 
contemporaneously with, eruption of the Saddleback Latite Member. 
Subsequent to the eruption of the latter flow, the Cambewarra Latite 
Member and boulder bed were emplaced.
Pheasants Nest Formation
2.2.7 Five Islands Latite Member
The Five Islands Flow was named by Harper (1915) but for con­
sistency of nomenclature is redefined herein as the Five Islands Latite 
Member. The unit is very restricted in outcrop and occurs only on 
Flinders Islet which is the northernmost of the Five Islands (Fig. 2-3). 
Pillow structures up to 1 m in diameter indicate a subaqueous, extrusive 
mode of emplacement.
As the Five Islands Latite Member is the only unit which crops out 
on Flinders Islet, the precise stratigraphic position of the flow is 
indeterminate. The sedimentary rocks on the mainland nearest to 
Flinders Islet are almost horizontal with a slight dip (2 to 3°) 
towards the north or northwest. Evidence for major faulting is lacking. 
Also, the islands south of Flinders Islet are composed of Dapto Latite 
Member. Assuming no major faulting occurs between Flinders Islet and 
the mainland or the other islands, the Five Islands Latite Member must 
be stratigraphically above the Dapto Latite Member. A lower limit on 
the stratigraphic separation between the Dapto Latite Member and Five 
Islands Latite Member cannot be inferred due to the lack of outcrops in 
proximity to Flinders Islet. However, an upper limit on the strati­
graphic separation may be inferred from the regional dip and the minimum 
distance between outcrops of the Five Islands and Dapto Latite Members. 
A regional dip of 3° to the northwest implies a maximum stratigraphic 
separation of 90 m. Thus the Five Islands Latite Member is taken to
occur in the lower part of the Illawarra Coal Measures. The Calderwood
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Mi numurr a and Berkley Latite Members (Sections 2.2,8-2.2*10) occupy 
similar stratigraphic positions to that of the Five Islands Latite 
Member but the exact relationship between the former three units and the 
Five Islands Latite Member is unknown.
On the basis of similarity of petrography to some samples from 
Kiama and Jamberoo, Chalmers (1941) mapped Flinders Islet as a remnant 
of the Bumbo Latite Member. This interpretation necessitates that 
Flinders Islet is part of an upthrown block with major faults between 
the island and the mainland and between Flinders Islet and the other 
islands to the south. On the basis of the inferred stratigraphic 
relationships outlined previously, Flinders Islet is considered to be 
composed of the Five Islands Latite Member and not the Bumbo Latite 
Member.
2*2.8 Calderwood Latite Member
The Calderwood Latite Member has not been defined previously. The 
name refers to the unit which crops out around Calderwood (Fig. 2-3) and 
is 3 m  stratigraphically above the Cambewarra Latite Member (i.e. near 
the base of the Illawarra Coal Measures). The Calderwood Latite Member 
is restricted in outcrop area and extends discontinuously from the 
northeastern side of Stockyard Mountain towards the north-northwest for 
a distance of 9 km.
A maximum thickness of 38 m occurs near Calderwood (Figs 2-3, 2-16) 
but, where not completely removed by erosion, the unit thins rapidly 
towards the north, south and west. A probably extrusive mode of 
emplacement is indicated by the high proportion of volcaniclastic 
material in the sedimentary rocks both above and below the unit. The 
volcaniclastic material below the Calderwood Latite Member is possibly 
equivalent to Bowman's (1974) Tappitallee Mountain Tuff Member.
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The outcrop on the northeastern side of Stockyard Mountain 
corresponds to the outcrop which Jaquet et al. (1905) and Lowder (1964) 
mapped as Saddleback Latite Member occurring at the top of the Cam- 
bewarra Latite Member. These authors were aware of the anomalous
stratigraphic position but considered that the Saddleback Latite Member 
at this locality formed a topographic high at the time of eruption of 
the Cambewarra Latite Member. Mapping by the author indicates that the 
outcrop on the northeastern side of Stockyard Mountain is separated from 
the underlying Cambewarra Latite Member by 3 m of sedimentary rock of 
the Illawarra Coal Measures.
Bowman (1970, 1974) did not map either the Saddleback Latite Member 
underlying the Cambewarra Latite Member between Saddleback and Stockyard 
Mountains, or the Calderwood Latite Member on the northeastern side of 
Stockyard Mountain. However, the other outcrops of the latter latite 
were mapped as Dapto Latite Member (Bowman, 1970, 1974). These outcrops 
occur above the Cambewarra Latite Member and thus Bowman concluded that 
the Dapto Latite Member is stratigraphically above the Cambewarra 
Latite Member. In spite of Harper's (1915) recognition of the Cam­
bewarra boulder bed as far north as Wollongong, Bowman apparently did 
not consider the possibility of another flow which was stratigraphically 
above the Cambewarra Latite Member, and which cropped out in the 
Calderwood region.
2.2.9 Minumurra Latite Member
Jaquet et al. (1905) defined the Minumurra Flow which was sub­
sequently redefined as the Minumurra Latite (Joplin et al., 1952). The 
incorrect name Minnamurra Latite has also been used extensively (e.g. 
Lowder, 1964; Raam 1969; Bowman, 1970, 1974). The unit occurs
approximately 40 m above the base of the Illawarra Coal Measures and
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ex tends as a discontinuous sheet from the northern side of Saddleback 
Mountain to a point 15 km west of Port Kembla (Fig. 2-3). Although well 
exposed sections occur in some of the larger creeks, outcrop is 
generally poor and is normally confined to loose boulders on hill-sides. 
A maximum thickness of 35 m occurs at Minnamurra River (Figs 2-4, 2-17), 
and the unit thins towards the north and the south. Erosion has removed 
outcrops to the east of the scarp whereas the western extent is 
concealed under a cover of younger rocks.
The base of the Minumurra Latite Member is even but the top of the 
unit undulates by up to 0.5 m in a horizontal distance of 3 m. 
Horizontally bedded sandstone, shale and siltstone fill the troughs in 
the upper surface and individual sedimentary units are thicker in the 
troughs than over the accompanying crests. No pillow structures or 
scoria zones have been found in the Minumurra Latite Member nor does the 
upper contact show evidence of thermal metamorphism. An extrusive mode 
of emplacement is supported by the occurrence of joints near the top of 
the unit which contain sedimentary material lithologically different 
from the sedimentary rocks overlying the Minumurra Latite Member 
(Lowder, 1964). If the unit was an intrusion, the joints would be 
expected to contain the same lithology as the overlying strata. No 
evidence in support of an intrusive mode of emplacement has been found 
previously or in the present study.
Since the Minumurra Latite Member occurs within the Illawarra Coal 
Measures, the unit is considered to be an extrusion which erupted onto 
the Permian landsurface or into a shallow subaqueous environment. The 
uneven upper surface lacking scoria probably results from penecontem- 
poraneous erosion. The present discontinuous outcrop results from a 
combination of the penecontemporaneous erosion; the original outcrop 
extent; and post-Mesozoic erosion.
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2,2.10 Berkley Latite Member
Harper (1915) defined the Berkley Flow which was renamed the 
Berkeley Latite by McElroy (1952), and subsequently redefined as the 
Berkley Latite by Joplin et al. (1952), The incorrect spelling 
Berkeley has been used in many publications (e.g. Raam, 1969; Bowman, 
1970, 1974).
The base of the unit ranges between 15 and 40 m above the top of 
the Shoalhaven Group and thus occurs at approximately the same strati­
graphic level as the Minumurra Latite Member. This variation in 
stratigraphic position reflects the palaeotopography of the Permian 
land-surface. The mode of emplacement of the Berkley Latite Member has 
been considered to be intrusive (McElroy, 1952) and extrusive (Rose, 
1966; Raam, 1969; Bowman, 1974). The latter conclusion is supported by 
the present study for the following reasons:
(a) detrital clasts of Berkley Latite Member occur in the sandstone 
immediately above the unit at Mount Kembla;
(b) apart from localised draping of the bedding over the detrital 
latite clasts, the sandstone above the Berkley Latite Member shows 
no evidence of distortion of bedding as would be expected to 
accompany intrusion of a large mass of igneous rock into un­
consolidated sediments; and
(c) in the Figtree region, the Berkley Latite Member consists of two 
flows separated by approximately 3 m of sedimentary rocks of the 
Illawarra Coal Measures.
The features described and cited as evidence for emplacement as a 
sill (McElroy, 1952) possibly represent localised intrusive contacts 
produced by restricted intrusion of the flow into unconsolidated
sediments
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The flow has a maximum thickness of approximately 35 m in the 
Figtree region and thins to the north and southwest (Fig. 2-18). 
Erosion has removed outcrops to the south of Flagstaff Hill whereas the 
unit dips below the landsurface near Mount Kembla.
2.2.11 Possible vents for the Permian lavas
Harper (1915) postulated three centres of eruption in the vicinity 
of Port Kembla, Kiama and Termeil but as will be described in Section 
2.3.1, the igneous rocks from the Termeil region are intrusions and not 
extrusions. On the basis of lack of evidence for the recognition of 
suitable vents on the coastal plain or offshore, and since the flows 
generally thin towards the west, Harper (1915) inferred a source region 
to the east of the present coastline. Saddleback Mountain has been 
suggested as a possible vent (Branagan et al., 1976) but no evidence in 
support of this conclusion was presented. Probable positions of vents 
inferred from the present distribution of the various lavas are
considered as follows.
The lower two flows (Blow Hole and Bumbo Latite Members) are 
thickest on the eastern slopes of Saddleback Mountain. With the 
exception of the region to the east where erosion has removed all 
outcrops, the Blow Hole Latite Member thins away from Saddleback
Mountain in all directions (Fig. 2-5) whereas the Bumbo Latite Member 
thins rapidly towards the southwest and more gradually towards the north 
and northwest (Fig. 2-8). Thus Saddleback Mountain may have been a vent 
for the eruption of both the Blow Hole and Bumbo Latite Members.
The Saddleback Latite Member is much more restricted in outcrop
than either of the earlier flows and does not occur on the northern or 
northeastern flanks of Saddleback Mountain, but crops out further to the 
northwest in the vicinity of Minnamurra River (Fig. 2-3). If Saddle­
back Mountain was a vent for the lower two flows, the region was
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probably a topographic high at the time of eruption of the Saddleback 
Latite Member. Lava erupted from a vent to the west of Saddleback 
Mountain would tend to flow around the topographic barrier and thus 
accord with the present distribution of the Saddleback Latite Member.
Outcrops of the Dapto Latite Member are confined to the Port Kembla 
region (Fig. 2-3) and the unit thins rapidly away from Flagstaff Hill 
towards the north, west and southwest (Fig. 2-13). Erosion has removed 
outcrops to the east. This distribution suggests derivation from a vent 
in close proximity to the present area of outcrop. The Cambewarra 
Latite Member is very extensive (Fig. 2-3) but it thins away from the 
Cambewarra Mountain-Woodhill region which may represent the centre of 
eruption•
Evidence for the source of the Five Islands Latite Member is sparse 
due to the limited outcrop (Fig. 2-3) but it must have been to the east 
of the present coastline. The Calderwood Latite Member also has a 
limited extent but thinning of the unit away from the Calderwood-Green 
Mountain region (Fig. 2-16) implies close proximity to the vent.
The Minumurra Latite Member is extensive in outcrop (Fig. 2-3) but 
does not occur south, east or west of Saddleback Mountain. Variations 
in thickness of the unit (Fig. 2-17) suggests eruption from a vent in 
the Green Mountain-Calderwood region. Restriction of outcrop of the 
Berkley Latite Member to the Figtree-Mount Kembla area (Fig. 2-3) 
implies that the vent was located in the immediate vicinity.
In summary, the locations of the vents for the Permian volcanism 
cannot be established by recognition of plugs or other characteristic 
features of centres of eruption. However, consideration of the 
variation in present thickness suggests derivation of the nine flows 
from at least five vents. The relationships between the broad geo­
graphic locations of the vents and flows which erupted from them are
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summarized in Table 2-2. The inferred positions of the vents occur in a 
north-northeast trendinq zone which accords with the regional trend of 
the petrographic province (Fig. 2-4).
2.3 INTRUSIVE IGNEOUS ROCKS
Permian intrusions in the southern Sydney Basin comprise the 
Termeil Complex, Milton Complex, Coonemia Complex, Stockyard Mountain 
sill and the Towradgi sill. These intrusions are described in the 
following sections.
2.3.1 Termeil Complex
The Termeil Complex is the name given to the Permian intrusions of 
monzogabbro and basalt which occur in the Termeil-Morton-Durras Mountain 
region of the southern Sydney Basin (Figs 2-19, 2-20). The rocks of the
complex consist of the outcrop at Morton (approximate outcrop area of
2 2 2 3.5 km ), northeast of Termeil (0.4 km ), at Durras Mountain (1 .2 km ),
2and in the Snapper Point-Bawley Point-Termeil region (12.7 km ).
Harper (1915) described the outcrop at Bawley Point as an olivine 
essexite of doubtful age. This unit is a Late Permian monzogabbro 
(Section 3.2.2) which intrudes the Early Permian Snapper Point Formation. 
The monzogabbro is well exposed along the coast between Snapper Point 
and Bawley Point and also has two small outcrops between the main 
intrusion and Termeil (Fig. 2-20). Emplacement of the monzogabbro by a 
single injection of magma is suggested by the apparent homogeneity of 
the outcrops.
A number of small, scattered outcrops of basalt are exposed along 
the coast near Dawsons Island (Fig. 2-20). Many of the contacts of the 
iqneous rocks with the surrounding Early Permian sedimentary rocks are 
visible. The upper and lower contacts of the basalt below Mount Durras
are exposed at the southern end of the outcrop, but further to the north
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the base of the unit is below sea-level. Harper (1915) described this 
outcrop as a basalt flow along a channel. The following evidence 
supports emplacement as an intrusion instead of an extrusion.
(a) The sedimentary rocks above the largest exposure have undergone 
slight contact metamorphism.
(b) Vertical and near vertical dykes of basalt are exposed along the 
coast.
(c) No clasts of basalt occur in the overlying sedimentary strata. If 
the igneous rocks were contemporaneous with the sedimentary strata 
and were extrusive in origin, erosion and subsequent deposition 
would lead to incorporation of clasts of basalt into the overlying 
sediments.
(d) A Late Permian age is indicated by similarity of petrography and 
geochemistry to the Termeil monzogabbro.
The most extensive outcrop which occurs on the coast below Durras 
Mountain is interpreted as a sill vdiich shows a slight cross-cutting 
relationship with the sedimentary strata. The southern end of the sill 
has intruded the upper part of the Pebbley Beach Formation whereas the 
northern part of the sill was intruded into the basal part of the 
overlying Snapper Point Formation. The sill ranges in thickness from 
2 m at the southern end to a maximum of 10 m in the north. The 
associated dykes are up to 0 . 8 m thick.
The upper portion of Durras Mountain (Fig. 2-20) is capped by 
basalt which was mapped by Harper (1915) as a Permian latite flow, and 
as a Tertiary basalt flow by Rose (1966) and Brunker & Rose (1969). The 
contact between the igneous rock and the underlying Early Permian 
Snapper Point Formation is not exposed but the outcrop pattern suggests 
that the boundary is near horizontal and approximately 230 m above sea 
level. The maximum thickness of the basalt is approximately 50 m. On
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the basis of similarity of petrography and qeochemistry to the other 
rocks of the Termeil Complex (Chapter 5)/ a Late Permian aqe is 
suqgested and emplacement as a sill is inferred.
The very poorly exposed outcrop of basalt 4 km northeast of Termeil 
(Fig. 2-20) is considered to be part of the Termeil Complex on the basis 
of similarity of petrography to the other Permian igneous rocks in the 
region. No contacts between the basalt and Early Permian strata are 
exposed but the unit was probably emplaced as an intrusion during the 
Late Permian.
The outcrop of monzogabbro at Morton (Fig. 2-20) corresponds to the 
Woodburn olivine essexite of Harper (1915). Similarity of petrography 
and geochemistry to the monzogabbro at Termeil supports the inclusion of 
the Morton monzogabbro as part of the Termeil Complex.
2.3.2 Milton Complex
The Milton Complex consists of a series of monzonitic intrusions
2which have a present outcrop area of approximately 48 km around Milton 
(Figs 2-19, 2-21). These intrusions are generally referred to as the
Milton Monzonite (e.g. Rose, 1966) and have been considered to 
encompass an irregular laccolith with related sills emplaced into the 
surrounding sedimentary strata (Brown, 1925). Evidence from the present 
investigation supports the presence of a layered intrusion centred on 
Milton and a suite of related sills emplaced into the surrounding strata 
(Fig. 2-21). These sills occur at three different stratigraphic levels. 
Dykes exposed along the coast to the east of Milton are petrographically 
similar to many of the larger intrusions and are thus considered to be 
part of the Milton Complex.
The largest intrusion crops out around Milton (Fig. 2-21) from 
approximately 5 m to at least 100 m above sea level and is layered.
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Monzonite, porphyritic monzonite and porphyritic micromonzonite can be 
recognized on the basis of petrographic criteria but since lack of 
outcrop precludes the establishment of a complete vertical section 
through the intrusion, the number of phases recognized may not be 
exhaustive* The layering appears to be the product of multiple 
intrusion rather than the result of a single injection of magma followed 
by in situ differentiation (Section 7.3). The intrusion has been 
described as a laccolith (Brown, 1925) but evidence in support of a 
horizontal base, arching up of the overlying sedimentary strata, and 
lensing of the igneous rock-unit towards the edges are lacking. The 
intrusion may have been emplaced as a small stock.
The contacts between the porphyritic monzonite at Little Forest 
(Fig. 2-21) and the surrounding flat-lying Early Permian sedimentary 
strata are not exposed. The outcrop pattern suqgests a 100 m thick sill 
with the base 230 m above sea level. Pointer Mount (Fig. 2-21) is 
capped by 75 m of porphyritic monzonite which has a horizontal base 
240 m above sea level. This outcrop is probably an extension of the 
Little Forest sill.
The base of the porphyritic micromonzonite sill at Yatteyattah 
(Fiq. 2-2 1 ) is horizontal with an elevation of 60 m above sea level. 
This unit ranges from 2 to 15 m in thickness and is stratigraphically 
lower than the Little Forest-Pointer Mount sill.
Two small, poorly-exposed outcrops of porphyritic monzonite at 
Conjola (Fiq. 2-21) are considered to represent a third sill of the 
Milton Complex. The top of this sill is no more than 30 m above sea 
level and thus the unit is probably stratigraphically lower than the
Yatteyattah sill
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A total of 4599 m have been drilled in seventeen boreholes in the 
Nowra-Jervis Bay region during petroleum exploration and to provide 
subsurface stratigraphic information. In addition to the Early Permian 
sedimentary rocks some of the bores (Fig. 2-22) have intersected an 
igneous rock unit which has been named the Currambene Dolerite (Ozimic, 
1971). Since usage of Currambene as a formal stratigraphic name has 
been pre-empted by the Currambene Siltstone (Paix, 1968) the new name 
Coonemia Complex is proposed. This latter name refers to the unit 
formerly known as the Currambene Dolerite and the numerous small dykes 
and sills which occur in the Nowra-Jervis Bay region and which are 
petrographically similar to the large intrusion. A small magnetic 
anomaly to the northwest of Jervis Bay reflects the presence of the most 
extensive intrusion of the complex, and a large, almost circular 
magnetic anomaly centred on Jervis Bay possibly indicates the presence 
of a similar body at depth (Fiq. 2-23).
The largest intrusion of the Coonemia Complex was emplaced into the 
Snapper Point Formation and the Wandrawandian Siltstone to produce a 
structural high which is shown by the distribution of structural 
contours on the top of the Snapper Point Formation (Fig. 2-24). Since 
the borehole BMR Wollongong 2A was drilled close to the centre of the 
dome, the drilled thickness of 139 m for the intrusion is probably very 
close to the maximum thickness of the unit. The fully-cored hole DM 
Callala DDH 1 intersected 95 m of the intrusion whereas the other bores 
in the region intersected only small sills or were abandoned before 
penetrating the base of the large intrusion. Data gained from the 
drill-holes (Fig. 2-22), and the similarity of distribution of
2.3.3 Coonemia Complex
structural contours on the top of the Snapper Point Formation and
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isopachs for the intrusion (Figs 2-24r 2-25) indicate that the major
part of the Coonemia Complex was emplaced as a laccolith which is 
elongate towards the northeast.
2.3.4 Stockyard Mountain basalt
The Stockyard Mountain basalt is an 85 m thick unit which occurs 
between 243 and 328 m (below sea level) in Stockyard Mountain No. 1 
Drill Hole (Fig. 2-3). Approximately 3 m of the unit was cored during 
drilling operations and three samples were selected from the freshest 
material. All three samples were collected from between 262.0 and
262.8 m.
Alcock (1968) considered that the basalt occurred within the Berry 
Siltstone but the stratigraphy of the well has been revised (Mayne et 
al., 1974) so that the unit is now placed between the Wandrawandian 
Siltstone and the Nowra Sandstone.
The very fine-grain size and lack of any evidence of metamorphism 
of the adjacent sedimentary rocks led Alcock (1968) to believe that the 
unit was extrusive in origin. Mayne et al. (1974), however, considered 
that the unit was intrusive and possibly Permian in age. Stratigraphic 
criteria indicate that the unit is Middle Permian or younger. The Late 
Permian K-Ar age of 238-6 m.y. suggests an intrusive origin (Section 
3.2.5; Facer & Carr, 1979).
The lack of contact metamorphism associated with the unit is not 
necessarily indicative of a volcanic origin since other Permian igneous 
rocks in the southern Sydney Basin (e.g. Milton Complex, Coonemia 
Complex) also lack evidence of appreciable contact metamorphism of the 
surrounding sedimentary rocks.
-32-
The Towradgi dolerite occurs as boulders scattered over an area of
25# 000 m at Towradgi Point (Fig. 2-26). The contacts between the 
dolerite and the surrounding strata of the Late Permian Illawarra Coal 
Measures are not exposed but the igneous rock unit appears to be 
conformable with the sedimentary strata. As no clasts of dolerite are 
contained in the surrounding sedimentary strata, emplacement as a sill 
is inferred. The Towradgi dolerite is the most northerly known Late 
Permian igneous rock from the southern Sydney Basin.
2.4 SUMMARY
The southern Sydney Basin contains Permian and Triassic marine and 
non-marine sedimentary rocks which were subjected to four episodes of 
igneous activity between the Late Permian and the Late Oligocene. 
Permian rocks are subdivided into two groups —  the marine strata of the 
Shoalhaven Group and the overlying non-marine strata of the Illawarra 
Coal Measures. The first episode of igneous activity, the subject of 
this study, occurred during the Late Permian when extrusions and 
intrusions were emplaced into the Shoalhaven Group and the lower part of 
the Illawarra Coal Measures. Diversity of opinion concerning the mode 
of emplacement, and the number, of Late Permian igneous rock-units which 
crop out in the Nowra-Wollongong region has been a major factor in the 
lack of agreement on the stratigraphic status and relationships between 
many Late Permian units in the southern Sydney Basin. Remapping by the 
author has clarified the stratigraphic nomenclature of the upper 
Shoalhaven Group and the lower Illawarra Coal Measures and has resulted 
in the recognition of nine extrusive units in this stratigraphic
2.3,5 Towradgi dolerite
in terval Important previously published stratigraphic schemes and the
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scheme proposed herein are shown in Table 2-1. Variations in the 
preserved thicknesses of the nine extrusive units suggest derivation of 
these units from at least five vents.
Contemporaneous with the extrusive igneous activity was the 
emplacement of numerous small dykes and sills and several larger 
intrusions including a layered laccolith and a layered stock. The Late 
Permian intrusions can be grouped into three major intrusive complexes 
comprising the Termeil, Milton and Coonemia Complexes together with the 




AGES OF IGNEOUS ROCKS
3.1 INTRODUCTION
One of the aims of the present study has been to identify which of 
the many igneous rocks of the southern Sydney Basin are Permian in age. 
Although relatively little detailed work has been published on the 
igneous rocks, the igneous activity has generally been divided into two 
phases, one associated with sedimentation and a post-depositional 
phase (Branagan et al., 1976). Integration of published data and K-Ar 
age-determinations carried out as part of the present investigation 
(Table 3-1) indicates a four-fold subdivision of igneous activity in the 
southern Sydney Basin (Fig. 3-1): Late Permian; Late Triassic to Early 
Jurassic; mid-Cretaceous; and latest Cretaceous to Late Oligocene. 
Brief descriptions of these four episodes of igneous activity have been 
summarized in Carr & Facer (1980). The recognition of a two-fold 
subdivision (i.e. Permian and post-Permian), however, is sufficient for 
the purposes of the present investigation which is concerned with the 
Permian igneous activity in the southern Sydney Basin.
Some of the igneous rocks of the southern part of the basin can be 
assigned to either the Permian or post-Permian group on the basis of 
stratigraphic criteria, K-Ar isotopic data, palaeomagnetic studies, or 
any combination of the previous three. However, many intrusions (e.g. 
dykes and sills emplaced into Early and Middle Permian strata) have 
previously been assigned ages on the basis of superficial similarity in 
geochemistry and petrography to dated rocks. The present study 
undertakes a more rigorous approach to the problem by using statistical 
measures to assign rocks, that have few or no constraints on their age, 
to either the Permian or post-Permian group.
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Distinction between Permian and post-Permian igneous rocks on the 
basis of petrography is improbable due to:
(a) preclusion of accurate modal analysis of fine-grained rocks; and
(b) the porphyritic nature of many of the studied igneous rocks. The 
porphyritic texture denotes a multistage cooling history. Each 
stage of cooling is represented by a different grain-size and 
occurs under particular pressure and temperature equilibration 
conditions. Thus two igneous rock-units of the same age may have 
disparate petrographies due to different cooling histories of the 
magmas.
Although the chemistry of a magma may be modified by many processes 
(e.g. differentiation) between the time of magma generation and time of 
solidification, the total-rock chemistry is a convenient and suitable 
method of showing relationships between rocks within a series or 
petrographic province. The effectiveness of various discriminants based 
on major element geochemistry are evaluated in Section 3.4. Trace 
element geochemistry would be more useful from the statistical point of 
view because the sum of the components does not equal 1 0 0%, but 
insufficient trace element data have been published for a statistically 
significant evaluation.
3.2 PERMIAN IGNEOUS ROCKS
The igneous rocks of the southern Sydney Basin which have strati­
graphic, pa laeomagnetic and K-Ar data in support of a Permian age 
comprise the lavas of the Broughton Formation and the overlying 
Illawarra Coal Measures, the monzogabbro at Bawley Point (part of the 
Termeil Complex), the monzonite at Milton (part of the Milton Complex), 
the laccolith of the Coonemia Complex, the Stockyard Mountain basalt, 
and the Towradgi dolerite.
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The flows of the Broughton Formation are interbedded with lith- 
arenites containing distinctive fossil brachiopods, bryozoans and
molluscs which indicate a Late Permian age (Dickens et al., 1969; 
Runneg'ar & McClung, 1975). Similarly, the flows near the base of the 
overlying Illawarra Coal Measures are interbedded with strata containing 
a Late Permian flora (Helby, 1973). Palaeomagnetic determinations on 
the lavas of the Shoalhaven Group and Illawarra Coal Measures also
suggest eruption during the Permian (Irving & Parry, 1963).
Evernden & Richards (1962) determined the ages of the Bumbo, Dapto,
Cambewarra and Berkley latite Members using the K-Ar method. They
obtained ages of 249 m.y. and 258 m.y. (recalculated using the preferred 
decay constants of Steiger & Jager, 1977) for the Bumbo and Berkley 
Latite Members respectively and considered that the ages of 193 m.y. and 
124 m.y. (recalculated) for the Dapto and Cambewarra flows to be 
"unsatisfactory" due to loss of radiogenic argon. The age-determin­
ations of 260 m.y. for the Bumbo Latite Member (B. Runnegar, pers.
comm., 1980) and 251 m.y. for the Dapto Latite Member (Table 3-1) are 
consistent with the age suggested by biostratigraphic and palaeomagnetic 
data. The most reliable K-Ar ages of the flows (i.e. 260 and 249, 251, 
258 m.y.) do not accord with the stratigraphic succession of these flows 
but indicate that volcanism commenced about 260 m.y. ago.
3.2.2 Termeil Complex
The intrusion at Bawley Point has been mapped as a Mesozoic 
essexite (Rose, 1966; Brunker & Rose, 1969). The petrography of the 
unit (Section 4.3.1) is indicative of a monzogabbro which forms the 
largest intrusion of the Termeil Complex (Section 2.3.1). K-Ar dating 
has yielded an age of 241 m.y. (Table 3-1) which denotes emplacement 
during the Late Permian.
3.2.1 Extrusions
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The monzonites at Milton have been mapped as Mesozoic intrusions 
(Rose, 1966; Brunker & Rose, 1969) although Harper (1915) considered the 
monzonites to be comaqmatic with the Permian lavas of the Wollongong- 
Kiama region. A post-Early Permian age is indicated by the intrusive 
relationship with strata of the Conjola Sub-group. Two phases of the 
layered intrusion forming part of the Milton Complex have been dated by 
the K-Ar method (Joplin, 1968, recalculated; Table 3-1 ). The two dates 
(both 245 m.y.) are consistent with stratigraphic relationships and are 
indicative of emplacement during the Late Permian.
Palaeomaqnetic data for rocks of the Milton Complex are at variance 
with results from other Permian igneous rocks of the Sydney Basin and 
they indicate a pole position consistent with emplacement durinq the 
Late Mesozoic (Robertson, 1964; Schmidt & Embleton, 1981 ). This anomaly 
has been explained as a result of magnetic overprinting associated 
with the initial phases of rift development prior to the Late Mesozoic 
sea-floor spreading in the Tasman Sea (Schmidt & Embleton, 1981 ).
3.2.4 Coonemia Complex
The Coonemia Complex intrudes the lower part of the Shoalhaven 
Group and thus on the basis of stratigraphic criteria is younger than 
Early Permian. The laccolith of the complex has been dated by the 
K-Ar method (Ozimic, 1971) to yield an age of 239 m.y. (recalculated).
3.2.5 Stockyard Mountain basalt
A post-Middle Permian age for the Stockyard Mountain basalt is 
indicated by intrusion of this unit into the Wandrawandian Siltstone and 
the base of the Nowra Sandstone (Mayne et al., 1974). The Late Permian 




Apparent conformity between the Towradgi dolerite and the surround­
ing strata of the Illawarra Coal Measures indicates that the igneous 
rock-unit is no older than Late Permian. The K-Ar data which give an 
age of 243 m.y. (Table 3-1 ) are consistent with the stratigraphic 
evidence.
3.2.6 Towradgi dolerite
3.3 POST-PERMIAN IGNEOUS ROCKS
Numerous post-Permian intrusions and extrusions occur in the 
southern Sydney Basin but relatively few chemical data for these rocks 
have been published. Table 3-2 summarizes the igneous rock-units which 
have been chemically analysed and vhich can be assigned to the post­
Permian phase of igneous activity on the basis of stratigraphic or K-Ar 
data.
3.4 DISTINCTION BETWEEN PERMIAN AND POST-PERMIAN IGNEOUS ROCKS 
3.4.1 Data base
The data base consists of 135 analyses of samples from intrusions 
and extrusions in the southern Sydney Basin which can be assigned to one 
or the other of the age-groups. These 135 whole-rock major element 
oxide analyses include 86 Permian samples and 49 post-Permian samples 
(Table 3-3).
Distinction between Permian and post-Permian igneous rocks in the 
southern Sydney Basin on the basis of the major element geochemistry can 
be attempted by either univariate or multivariate discriminant analysis.
The efficiency of the separation produced by each of the dis­
criminant major element oxides or combination of oxides can be evaluated 
from the magnitude of
N ( A +B )
N x 1 00
where N is the total number of samples (135), A is the number of post­
Permian samples incorrectly classified as Permian, and B is the number 




The simplest method of distinction is univariate analysis whereby 
the weight percent of a single element oxide is used to distinguish 
between rocks of the two age-groups. Univariate analysis can be 
accomplished either by simple graphical methods (e.g. histograms) or by 
using numerical methods.
Inspection of histograms of compositional frequency (Fig. 3-2) 
shows a number of features about the major element geochemistry of 
the two groups of igneous rocks. The Permian rocks have a strong mode 
for the weight percentages of all major element oxides and show a 
narrow range of compositions for SiC^, Ti02' A1 2°3' Mn0' Mg0' Na2° and
whereas the post-Permian rocks show a much broader range of 
compositions. The efficiency of separation of the two groups on the
basis of inspection of histograms of elemental oxide composition ranges 
from 68.9% for Na20 to 91.1% for SiC>2 (Table 3-4).
Numerous methods may be used to produce a discriminant. Chayes & 
Velde (1965) discussed the use of four formulae to distinguish circum- 
oceanic from oceanic-island basalts on the basis of the weight percent of 
T i O . Two of their formulae using the mean (x) and the standard 
deviation (s) of the weight percentages of the major element oxides 
were used to distinguish between Permian and post-Permian igneous rocks 
of the southern Sydney Basin. The results summarised in Table 3-4 show 
that SiO^ is the most efficient discriminant.
3.4.3 Multivariate analysis
Multivariate analysis includes simple graphical plots and the 
mathematically based method of discriminant function analysis. The 
former technique is frequently employed in geology to distinguish 
between two groups (e.g. distinction of alkali and tholeiitic basalts by
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MacDonald & Katsura, 1964), and discriminant function analysis has been 
successfully used for many geological problems where it is advantageous 
to assign samples to groups which have been defined previously on the 
basis of several variables (Harbaugh & Merriam, 1968).
Since the weight percentage of SiO^ al°ne is a very efficient 
discriminant (Table 3-4), plots of the weight percentages of other major 
element oxides against SiO^ should enhance the distinction between 
Permian and post-Permian igneous rocks. A maximum efficiency of 
separation (95.6%) is achieved by the plot of SiO^ versus TiO^ 
(Fig. 3-3).
Ternary diagrams consist of the normalized sums of three variables 
plotted as the apices of a triangle. Since the sums may not all be of 
equal value, a ternary diagram demonstrates only the relative magnitudes 
of the three variables and does not convey any information on the 
absolute values of the variables so that rocks of very different major 
element compositions may plot in exactly the same position. The plots 
are, however, empirically useful in distinguishing Permian from post­
Permian igneous rocks of the southern Sydney Basin. Since numerous 
ternary diagrams may be drawn using single oxides or combinations of 
oxides for the apices of the triangle, only the ternary plots commonly 
used in petrology are shown in Figure 3-4. An efficiency of separation 
of 90.4% is attained by the Na^O-CaO-K^O plot whereas the AFM diagram 
achieves a separation of 77.8%.
In its simplest form, discriminant function analysis consists of 
measuring several variables (e.g. weight percentages of the major 
element oxides) on a number of samples previously divided into two 
groups (e.g. Permian and post-Permian). The mathematical manipulation 
(e.g. Davis, 1973) transforms the original set of measurements into a
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single discriminant score. The scores for all the samples are combined 
to produce a discriminant index such that most samples in one group have 
discriminant scores greater than the discriminant index vfaereas most 
samples in the other group will have discriminant scores less than the 
index. An example of the results of discriminant function analysis is 
given in Table 3-5.
Numerous parameters including the weight percentages of oxides or 
combinations of oxides may be used as the variables for discriminant 
function analysis. The efficiency of separation of Permian from post­
Permian igneous rocks using some of these parameters is summarized in 
Table 3-6. The combination of all ten major element oxides produces a 
separation of 96.3% whereas the simple binary group SiO^-TiO^ is nearly 
as efficient with a separation of 93.3%. By contrast, the combination 
of Na 0 and P 0 produces a separation of only 53.3%.
3.5 SUSPECTED PERMIAN IGNEOUS ROCKS
Rock-units which are possibly Permian in age include the basalt 
dykes and sills of the Dawsons Island-Durras Mountain area (Section 
2.3.1), the monzogabbro at Morton (Section 2.3.1) and the monzonitic 
sills near Milton (Section 2.3.2). All of these rock-units are post­
Early Permian on the basis of stratigraphic criteria but isotopic and 
palaeomagnetic data are not available. Geochemical data for these rock­
units are summarized in Table 3-7.
The binary plot of SiO^ versus TiC>2 provides a simple, efficient 
method for the distinction between Permian and post-Permian igneous 
rocks of the southern Sydney Basin. The SiO^ versus Ti02 diagram for 
the suspected Permian igneous rocks (Fig. 3-3) indicates a Permian age 
for these rock-units. The basalt dykes and sills and the monzogabbro 
are assigned to the Termeil Complex vAiereas the monzonitic rocks are 
assigned to the Milton Complex.
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On the basis of isotopic data, palaeomagnetic data, stratigraphic 
criteria and SiC>2 versus TiC>2 relations the Permian igneous rocks of the 
southern Sydney Basin comprise the extrusions of the Shoalhaven Group 
and Illawarra Coal Measures, the Stockyard Mountain and Towradgi sills, 
and the Termeil, Milton and Coonemia Complexes.
3.6 SUMMARY
Some igneous rocks of the southern Sydney Basin can be assigned 
either a Permian or post-Permian age on the basis of stratigraphic 
criteria, K-Ar isotopic data, palaeomagnetic studies, or any combination 
of the previous three. Statistical analysis of major element data for 
135 whole-rock samples which can be assigned to one or the other of 
these age-groups provides evaluation of the effectiveness of various 
discriminants based on univariate and multivariate analysis.
The Permian igneous rocks have a narrow compositional range with 
well defined modes for most major element oxides whereas the post­
Permian phase of igneous activity produced a wide range of rock types 
which results in a compositional overlap with the Permian rocks. In 
spite of this overlap, it is possible to assign an igneous rock of 
unknown age from the southern Sydney Basin to either the Permian or 
post-Permian group with an efficiency of separation of greater than 90%.
A discriminant based on Si02 alone is useful (efficiency of 92.2%), 
but the separation is enhanced by employing the simple graphical plot of 
SiC>2 versus Ti02. ^  other binary or ternary diagram, commonly used in
petrology, produces such an effective discriminant for distinguishing 
between the Permian and post-Permian phases of igneous activity. 
Discriminant function analysis using various combinations of the weight 
percentages of up to 1 0 major element oxides produces only slightly
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greater efficiency of separation than that achieved by the simple binary
plot, and confirms the effectiveness of a discriminant based on SiO^ and
TiO •2
On the basis of these discriminants, isotopic and palaeomagnetic 
data and stratigraphic criteria, the igneous rocks of the southern 
Sydney Basin which can be assigned to the Late Permian episode of 
igneous activity comprise the Termeil Complex, the Milton Complex, the 
Coonemia Complex, the Stockyard Mountain basalt, the Towradgi dolerite 
and the extrusions of the Broughton and Pheasants Nest Formations.
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CHAPTER 4
PETROGRAPHY AND MINERAL CHEMISTRY
4 . 1 INTRODUCTION
The petrography of the Permian igneous rocks of the southern Sydney 
Basin was determined by examination of representative samples of the 
various intrusions and extrusions using routine petrographic techniques 
and the chemical data for individual minerals were obtained by analysis 
with an electron microprobe. Some phases of the extrusions are 
vesicular or amygdaloidal and many samples of the rocks of the province 
are altered with the development of a wide ranqe of secondary minerals. 
Petrographic and geochemical data reported in this thesis are for 
samples without vesicles or amygdales and with minimal alteration. 
Modal data were obtained for all samples chemically analysed as part of 
the present investigation but petrographic data are not available for 
all samples analysed by other authors. The sample localities and 
methods of microprobe analysis together with modal and chemical data are 
given in the Appendices. Total iron is reported as FeO in all mineral 
analyses.
4.2 EXTRUSIONS
The Permian extrusive rocks of the southern Sydney Basin can be 
subdivided into shoshonitic basalts, shoshonitic basaltic andesites and 
a shoshonitic andesite on the basis of SiO^ content (Section 1.5). 
Nomenclature of the flows on the basis of silica content is shown in 
Table 4-1.
4.2.1 Shoshonitic basalts
The shoshonitic basalts are grey, dark grey or black in hand- 
specimen and they are porphyritic with a holocrystalline groundmass. 
Phenocrysts comprise plaqioclase, clinopyroxene, titanmagnetite (this
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term is used to describe magnetite which contains considerable TiO^? the 
term titanomagnetite is not used as the presence of an ulvospinel phase 
has not been demonstrated), and chlorite pseudomorphs after olivine 
(Table 4-2). Plagioclase is the dominant phenocryst and in some 
specimens it is almost the sole phenocrystic phase. The phenocrysts 
may be grouped into aggregates to produce a glomeroporphyritic texture 
which is a well developed feature in the Minumurra Latite Member. 
Handspecimens of this flow have a characteriStic mottled appearance due 
to clusters of white plagioclase phenocrysts in a dark grey groundmass. 
Some handspecimens of the Dapto Latite Member appear to be coarse­
grained due to the high phenocryst to groundmass ratio (up to 2 :1 ). 
Parts of all of the shoshonitic basalts are vesicular or amygdaloidal, 
the amygdales comprising chlorite, hematite, chalcedony, quartz
(including amethyst), prehnite, laumontite, pumpellyite and epidote. 
The primary groundmass minerals are feldspar, clinopyroxene, titan- 
maqnetite and apatite, and alteration has produced chlorite, calcite, 
sericite, kaolinite, prehnite, pumpellyite and epidote. In addition to 
the minerals listed above, the Minumurra Latite Member contains
interstitial analcite. The groundmass of the shoshonitic basalts is
pilotaxitic, intergranular or orthophyric (Table 4-2).
The clinopyroxene is calcic augite in composition (Table 4-3; 
Fig. 4-1 ) and occurs both as a phenocryst and in the groundmass.
Phenocrysts are euhedral to subhedral, pale green or pale brown and are 
non-pleochroic. Simple and multiple twinning are developed. Pheno­
crysts are zoned from Wo__ nEn,r rFs_ to Wo.rt ^En.^ „Fs„,.  ̂ and
7 37.9 45.5 16.6 40.9 42.3 16.8
Wo QEn QFs t (Fig- 4-2). Groundmass and phenocrystic clino-♦ y 4^ # y i 1 * 2.
pyroxenes are similar in composition although the groundmass phase 
appears to have a slightly more restricted range of compositions
compared with the phenocrysts (Table 4-3)
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Feldspar occurs both as a phenocrystic and as a qroundmass phase in
the shoshonitic basalts. The phenocrystic feldspar grains are euhedral
to subhedral laths of plagioclase which are twinned according to the
albite, pericline and albite-Carlsbad laws. These phenocrysts range
from calcic andesine to bytownite in composition (Fig. 4-3) but most
grains are labradorite. Normal and oscillatory zoning are common but
the zoned grains have a compositional range of only a few mole percent.
Rims of K-feldspar occur on a few plagioclase phenocrysts. Most
phenocrysts are fresh but some grains show chlorite alteration.
Groundmass plagioclase has a compositional range of calcic andesine to
sodic labradorite (Fig. 4-3) and is generally richer in albite than the
coexisting phenocrysts. Groundmass plagioclase occurs as subhedral,
stumpy prisms whereas the K-feldspar (presumably sanidine) occurs as
subhedral arains scattered throughout the groundmass. The sanidine has
a compositional range of Or.. _ to Or _ c and contains up to 6.1 mole44.6 60.6
per cent An (Fig. 4-3).
Titanmagnetite occurs both as a phenocryst and in the groundmass.
The phenocrystic and groundmass grains are euhedral to subhedral
granules which are similar in composition but the phenocrysts tend to be
lower in SiO and CaO and higher in A1 and MgO than the coexisting 2 2 3
groundmass qrains (Table 4-4). Molecular proportions of ulvospinel in 
the phenocrystic titanmagnetite are analogous to those of the groundmass 
ti tanmagnetite.
4.2.2 Shoshonitic basaltic andesites
The basaltic andesites are dark grey to black and are all por- 
phyntic, holocrystalline rocks (Table 4-5). Phenocrysts which consist 
of plagioclase, clinopyroxene, titanmagnetite, and chlorite pseudo- 
morphs after olivine may be glomeroporphyritic. The phenocryst to
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qroundmass ratio ranges from approximately 1:1 (Calderwood Latite 
Member) to 1:9 (Five Islands and Bumbo Latite Members) and phenocrystic 
phases usually have a grain size of 1.5 to 4 mm but a few plagioclase 
laths are as large as 30 by 10 mm. Some samples are vesicular or 
amygdaloidal (with amygdales of chlorite, quartz, laumontite and 
hematite) but the cavities or amygdales rarely exceed 1 0 % by volume of 
the rock. The groundmass has a pilotaxitic, intergranular or an 
orthophyric texture. Interstitial chlorite, possibly replacing glass, 
qives rise to an intersertal texture in some specimens. Feldspar, 
clinopyroxene, titanmagnetite and apatite comprise the primary ground- 
mass phases whereas secondary minerals are chlorite, calcite, hematite, 
epidote, sericite and kaolinite.
The phenocrystic and groundmass clinopyroxene of the basaltic
andesites are pale green or brown, non-pleochroic augite (Table 4-6;
Fig. 4-4). The phenocrystic augite is euhedral to subhedral and has
simple and multiple twinning. Zoning within phenocrysts is minimal and
the Five Islands Latite Member shows the largest between grain variation
(W° cFsî   ̂ to WcSr> — En _— -Fs_c „ ). The groundmass augite has a43. 9 42.5 13.6 39.7 45.2 15.1
more restricted range of compositions than the phenocrysts (Table 4-6; 
Fig. 4-4) but it is compositionally similar to the coexisting pheno­
crystic augite.
Phenocrysts of plagioclase occur as subhedral to euhedral prisms 
which are generally fresh but may show alteration to kaolinite, chlorite 
and carbonate. Albite, pericline and albite-Carlsbad twins occur. 
Compositionally the plagioclase phenocrysts range from calcic andesine 
to calcic labradorite (Fig. 4-5) and show normal and oscillatory zoning 
with the rims richer in albite than the cores. Rims of K-feldspar are
developed on some grains Groundmass plagioclase grains are subhedral,
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stumpy prisms which range from sodic andesine to labradorite and, in
most specimens, they are richer in albite than the accompanying
phenocrystic phase. K-feldspar (?sanidine) occurs as subhedral grains
disseminated throughout the groundmass and ranges from Or to46* 5
0r? 4  ̂an<3 may contain up to 6 . 6  mole percent An (Fig. 4-5).
Euhedral to subhedral grains of titanmagnetite occur as pheno- 
crysts and in the groundmass. With the exception of MnO which tends to 
be slightly higher in the phenocrysts, there is no significant diff­
erence between the compositions of phenocrystic and groundmass titan- 
magnetite grains (Table 4-7).
4.2.3 Shoshonitic andesite
The Cambewarra Latite Member is a porphyritic, holocrystalline 
rock which is grey when fresh but is more usually altered to greenish 
grey or purple. Phenocrysts, which are often glomeroporphyritic, 
constitute approximately 10% by volume of the rock (Table 4-8) and 
consist of plagioclase, clinopyroxene, titanmagnetite, and rare chlorite 
pseudomorphs after olivine. Plagioclase phenocrysts range from 2.0 to
5.0 mm in length but are normally 2.0 to 3.0 mm long, whereas pheno­
crystic clinopyroxene, titanmagnetite and chlorite pseudomorphs are 
approximately eguant with a dimension of 2.0 to 2.5 mm. Vesicles and 
amygdales (chlorite, hematite, quartz, stilbite and clinoptilolite) form 
up to 20% by volume of some specimens. The groundmass is very fine­
grained and consists of feldspar, clinopyroxene, titanmagnetite, 
chlorite, kaolinite, calcite and accessory apatite. Orthophyric and 
pilotaxitic textures are present.
Non-pleochroic, pale green augite occurs both as phenocrysts and in 
the groundmass of the shoshonitic andesite. The phenocrysts are
euhedral to subhedral grains which have simple twinning whereas the
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groundmass augite is untwinned and granular. Chemical zonation in the
phenocrysts is restricted to w°4 1 .3_4 2.2En4 0.3-4 1 .9FS1 5 .9-1 8 . 3  
(Table 4-9). The between grain variation is minimal for both pheno- 
crystic and groundmass phases, as is the difference between the 
compositions of the phenocrysts and coexisting groundmass phase (Fig. 4­
6 ).
Plagioclase occurs as euhedral to subhedral phenocrysts which have 
albite, albite-Carlsbad and rare pericline twinning. Many phenocrysts 
are extensively altered and have been replaced by kaolinite, chlorite 
and hematite. Unaltered phenocrysts are calcic andesine (Fig. 4-7) with 
oscillatory and normal zoning. Rims of K-feldspar occur on some 
phenocrysts of plagioclase. Groundmass plagioclase grains are sub­
hedral, stumpy microlites which are similar in composition to the 
coexisting phenocrysts (Fig. 4-7). K-feldspar (Tsanidine) occurs as
subhedral microlites and has a compositional range of Or „ to44.4
0r45.5-
Euhedral to subhedral, eguant grains of titanmagnetite occur as 
phenocrysts and in the groundmass. The range of contents of TiO^,
Al^O^, Cr^Oy Fe0' an^ C a 0 -*-s greater in the phenocrysts than in the
coexisting groundmass phases. In addition, the phenocrystic titan-
magnetite grains are higher in Ti0 2, Cr2°3 f Mg°' C a 0 and molecular 
ulvospinel and lower in Al^O^ t l̂an t îe groundmass grains (Table 4-10),
4.3 INTRUSIONS
4.3.1 Termeil Complex
Handspecimens of the monzogabbro are dark grey to black in colour, 
holocrystalline, equigranular and medium- to coarse-grained. The rock 
generally has a hypidiomorphic granular texture but some specimens 
develop a crude subophitic texture. Plagioclase, K-feldspar, olivine
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(or pseudomorphs)/ clinopyroxene, titanmaqnetite, abundant accessory 
apatite, and very rare interstitial quartz comprise the primary 
minerals whereas chlorite, calcite and iddingsite are developed as 
secondary minerals. Table 4-11 summarizes the modal mineralogy.
The basalt of the Termeil Complex is holocrystalline, porphyritic 
anddark grey to black in colour. Phenocrysts consisting of plag- 
ioclase, clinopyroxene, titanmagnetite and pseudomorphs after olivine 
are often glomeroporphyritic. The pseudomorphs are made up of 
chlorite, iddingsite and calcite which are also developed as secondary 
minerals in the groundmass. Primary groundmass phases comprise 
plagioclase, K-feldspar, clinopyroxene, titanmagnetite, accessory 
apatite and biotite, and have an intergranular texture. The phenocryst 
to groundmass ratio is 1 : 2  and the modal mineralogy is summarized in 
Table 4-12.
The clinopyroxene of the Termeil Complex is non-pleochroic augite
which has a slight greenish tint. The clinopyroxene of the monzogabbro
and the phenocrystic augite of the basalt occur as euhedral to subhedral
grains which show simple and multiple twinning and are essentially
unzoned. Within grain variation for the clinopyroxene of the monzo-
qabbro is restricted to »°4 1 .9_4 2 .5E"4 1 _9_4 3>,Fs1 3 > 4 _ , 2 whereas
zonation for the phenocrysts of augite in the basalt is confined to
Wo n yi* cEn>ii n a oFsio q 1 o o * The between grain variation within a 43.9-44.5 41.7-43.3 12.9-13.8
rock type is minimal (Figs 4-8, 4-9) and the groundmass augite of the
basalt is very similar in composition to the coexisting phenocrysts. 
The clinopyroxene grains of the monzogabbro and basalt are similar in 
chemical composition (Table 4-13; Figs 4-8, 4-9) but the augite of the
monzogabbro is generally slightly richer in FeO and poorer in CaO than
the clinopyroxene of the basalt
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Feldspars in the monzogabbro comprise both plagioclase and 
orthoclase. Plagioclase occurs as euhedral to subhedral laths which 
have abundant albite twinning, common combined albite-Carlsbad twiniing 
and rare pericline twinning. Most grains are fresh but some crystals 
show slight alteration with the development of minor sericite, kaolinite 
and chlorite. The plagioclase grains have a compositional range from 
calcic andesine to sodic labradorite (Fig. 4-10) and show only very 
minor normal and oscillatory zoning. The orthoclase occurs as 
subhedral grains with incipient alteration and a composition of Or 
(Fig. 4-10).
Phenocrystic feldspar grains of the basalt of the Termeil Complex 
are euhedral to subhedral plagioclase laths which are mainly fresh but 
in some specimens are altered to sericite, chlorite, kaolinite and 
carbonate. Albite and combined albite-Carlsbad twinning are common but 
zoning is poorly developed. The compositional range is sodic lab­
radorite to sodic bytownite (Fig. 4-11). Groundmass plagioclase grains 
are subhedral laths which range from sodic andesine to labradorite and 
they are generally more sodic than the coexisting phenocrysts (Fig. 
4-11). Groundmass K-feldspar grains are subhedral with incipient
alteration and have a compositional range of Or to Or (Fig*¿8* 9 63* 7
4-11).
Equant ti tanmagnetite grains occur in both the monzogabbro and in 
the basalt. Chemical data summarized in Table 4-14 show that the 
compositions of the ti tanmagnetite from the two rock types are very 
similar with the exception of MgO which appears to be higher in the 
basalt than in the monzogabbro. This apparent difference is caused by 
the high MgO content (5.41 weight percent) of one grain.
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4.3.2 Milton Complex
All rocks of the Milton Complex contain feldspar, clinopyroxene, 
Fe-Ti oxide, pseudomorphs after olivine, and accessory apatite. 
Differences in textures allow subdivision into three rock types, namely 
monzonite, porphyritic monzonite and porphyritic micromonzonite. Modal 
mineralogy, textural and grain size data are summarized in Tables 4-15, 
4-16 and 4-17.
The monzonite of the complex is restricted to the layered intrusion 
at Milton and consists of a dark grey to black, holocrystalline rock. 
Although a few plagioclase laths are up to 9 mm long, most grains are 
within the size range of 0.4 to 1.4 mm. The mineralogy consists of
plagioclase, K-feldspar, clinopyroxene, titanmagnetite, apatite, 
chlorite and traces of bowlingite and iddingsite, and the texture is 
intergranular.
The porphyritic monzonite is a dark grey rock which occurs in the 
layered intrusion at Milton and in the sills at Little Forest and 
Pointer Mount. Phenocrysts of plagioclase and subordinate K-feldspar, 
clinopyroxene, titanmagnetite, and bowlingite and iddingsite pseudomorphs 
after olivine occur in a holocrystalline groundmass of plagioclase, 
K-feldspar, clinopyroxene, titanmagnetite, chlorite, accessory apatite 
and very minor biotite.
A black, holocrystalline and porphyritic micromonzonite occurs in 
the layered intrusion at Milton and in the sill at Yatteyattah. 
Phenocrysts consist of plagioclase and subordinate clinopyroxene, 
titanmaqnetite and pseudomorphs of iddingsite and bowlingite after 
olivine and occur in an intergranular groundmass of feldspar, clino-
pyroxene, titanmagnetite, accessory apatite and biotite and minor
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secondary chlorite. Most phenocrystic grains are 1.5 to 2.0 mm in size 
but some plagioclase laths are up to 4.0 mm long. In contrast, the 
groundmass phases are very fine-grained (0 . 0 1 to 0 . 1 mm).
The clinopyroxene of the monzonite is a colourless, euhedral to 
subhedral, untwinned augite with well developed cleavage. Chemical data 
which are summarized in Table 4-18 and Figure 4-12 indicate that the 
augite has minor variation between grains within the range W o ^  9-
43.4En38.6-42.0FS14.6-18.5- Clinopyroxene grains in the porphyritic 
monzonite are untwinned, colourless augite which occurs as euhedral to 
subhedral phenocrysts and as eguant grains in the groundmass. Pheno­
crystic and groundmass augite are similar in composition (Table 4-18) 
but the groundmass phase is enriched in the ferrosilite component and 
depleted in enstatite and, to a lesser extent, wollastonite than the 
coexisting phenocrysts (Fig. 4-13). In the micromonzonite colourless 
and untwinnned augite occurs as sparse, euhedral to subhedral pheno­
crysts and as common subhedral grains in the groundmass. Phenocrystic 
augite and the coexisting groundmass clinopyroxene are very similar in 
chemical composition (Table 4-18; Fig. 4-14). Comparison between the 
chemical data summarized in Table 4-18 and Figures 4-12, 4-13 and 4-14
indicates that the clinopyroxene of the Milton Complex is augite of 
almost constant composition irrespective of the rock type in which it 
occurs.
The monzonite contains both plagioclase and perthitic orthoclase. 
Plagioclase occurs as subhedral prisms which have extensive incipient 
alteration and albite twinning. Compositionally the grains range from 
calcic andesine to sodic labradorite (Fig. 4-15). Perthitic orthoclase 
grains are subhedral and have ubiquitous incipient alteration. Twinning 
according to the Carlsbad law occurs in some crystals. Phenocrystic
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feldspars of the porphyritic monzonite consist of both plagioclase and 
perthitic orthoclase. The plagioclase grains occur as euhedral to 
subhedral prisms with abundant albite and combined albite-Carlsbad 
twinning, and normal compositional zoning. Alteration to sericite, 
kaolinite and chlorite is common in many grains. Compositionally the 
plagioclase prisms range from andesine to sodic labradorite (Fig. 4-16) 
and some have a thin rim of orthoclase. Groundmass plagioclase occurs 
as euhedral to subhedral laths which are more sodic than the coexisting 
phenocrysts of plagioclase. Phenocrystic perthitic orthoclase occurs as 
euhedral to subhedral grains which commonly have Carlsbad twinning. 
Incipient alteration is ubiquitous. The groundmass orthoclase grains 
are very similar to the coexisting phenocrysts in terms of grain shape, 
chemical composition (Fig. 4-16) and degree of alteration. In the 
micromonzonite phenocrystic plagioclase occurs as subhedral, prismatic 
grains with ragged edges resulting from resorption. Albite and 
combined albite-Carlsbad twinning are common whereas twinning according 
to the pericline law is rare. Normal compositional zoning occurs in 
many grains. The most calcic composition developed in the phenocrysts 
of the porphyritic micromonzonite is labradorite whereas the most sodic 
composition is a rim of andesine (Fig. 4-17). Groundmass plagioclase 
grains are subhedral laths of oligoclase with albite and albite-Carlsbad 
twinning. Orthoclase occurs as very rare subhedral phenocrysts with 
incipient alteration and, more commonly, as subhedral grains in the 
groundmass. Thus within the Milton Complex the phenocrystic plagioclase 
grains range from labradorite to oligoclase whereas the groundmass 
plagioclase crystals have a compositional range of oligoclase to 
andesine. Phenocrysts are generally richer in the molecular anorthite 
component than the coexisting groundmass grains. Orthoclase grains from
the three rock types are similar in composition
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Titanmagnetite occurs as euhedral to subhedral grains both as 
phenocrysts and in the groundmass of the porphyritic monzonite and the 
micromonzonite, and as euhedral to subhedral eguant grains in the 
monzonite. The titanmagnetite compositions for each rock type
(Table 4-19) are reasonably similar with the exception of the groundmass 
grain in the micromonzonite which has higher FeO and lower TiO^ than 
the other grains.
4.3.3 Coonemia Complex
The Coonemia Complex comprises numerous small dykes and sills and a 
subsurface laccolith. The laccolith is subdivided into four zones on 
the basis of petrography and consists of the lower border zone, lower 
zone, upper zone and upper border zone (Fig. 4-18).
The lower border zone is 7 m thick and grades from a clay-carbonate 
mixture at the lower margin into a holocrystalline, porphyritic basalt 
with coarse-grained phenocrysts in a fine-grained groundmass. Pheno­
crysts comprise between 23.5 and 27.3% by volume of the rock (Table 
4-20) and consist of laths of plagioclase up to 12 mm long, granules of 
clinopyroxene, and iddingsite, bowlingite, calcite and chlorite 
pseudomorphs after olivine up to 2 mm across. The groundmass has a 
grain size between 0.1 and 0.2 mm and consists of feldspar, clino­
pyroxene, titanmagnetite, accessory apatite and secondary chlorite, 
calcite, clay, serpentine, iddingsite and bowlingite. Many of the 
secondary minerals are pseudomorphs after olivine but some of the 
chlorite, calcite and clay may have replaced glass produced by rapid 
chilling in the contact zone.
A prominent increase in the phenocryst to groundmass ratio occurs 
7 m above the bottom of the laccolith and marks the base of the lower 
zone (Fig. 4-19). This zone is composed of porphyritic monzogabbro in
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which medium- to coarse-grained phenocrysts occur in a fine-grained, 
intergranular groundmass. Table 4-21 summarizes the petrography of the 
monzogabbro. Phenocrysts comprise betwen 19.1 and 46.2% by volume of 
the rock and consist of plagioclase laths, which range from 2 to 20 mm 
in length, and granular clinopyroxene, and pseudomorphs of chlorite, 
calcite, serpentine, iddingsite and bowlingite after olivine. Both 
olivine pseudomorphs and clinopyroxene range between 2 and 3 mm in size. 
Primary groundmass phases range from 0.1 to 0.8 mm in size and comprise 
plagioclase, K-feldspar, clinopyroxene, titanmagnetite and accessory 
apatite. Chlorite, calcite, serpentine, iddingsite and bowlingite are 
locally abundant and in most cases occur as pseudomorphs after olivine.
The base of the upper zone (65 m above the base of the intrusion) 
is marked by the first appearance of eguigranular rocks and also by a 
marked decrease in the relative amount of plagioclase in the total 
feldspar (Fig. 4-19). The upper zone consists of monzonite which is 
holocrystalline and with the exception of rare phenocrysts up to 10 mm 
long is equigranular with a grainsize range of 0.2 to 1 mm. Plagio­
clase, K-feldspar (microperthite), clinopyroxene, titanmagnetite and 
apatite constitute the primary minerals (Table 4-22) whereas chlorite, 
iddingsite, bowlingite, calcite, zeolite, sericite and kaolinite are 
developed as secondary minerals. Subophitic and intergranular textures 
occur.
The top of the upper zone occurs 84.5 m above the base of the 
intrusion and is marked by the change from the essentially equigranular 
texture of the upper zone to the porphyritic texture of the upper border 
zone (Fig. 4-19). The latter zone is 10.9 m thick and grades from a 
holocrystalline, porphyritic basalt at the base of the zone to a clay-
carbonate mixture at the upper contact of the laccolith. Table 4-23
-58-
summarizes the modal mineralogy. The phenocrysts which form 18.4 to 
26.9% by volume of the rock comprise plagioclase, clinopyroxene, and 
lddingsite, bowlingite, calcite and chlorite pseudomorphs after 
olivine. Plagioclase ranges from 3 to 15 mm in length whereas eguant 
grains of clinopyroxene and pseudomorphs after olivine are up to 4 mm in 
width. The groundmass has an intergranular texture and a grain size 
range of 0.2 to 1 mm. Groundmass phases are feldspar, clinopyroxene, 
titanmagnetite and accessory apatite in addition to secondary zeolite, 
chlorite, calcite, iddingsite and bowlingite. Many of the secondary 
minerals are pseudomorphs after olivine.
Clinopyroxene occurs both as a phenocryst and as a groundmass phase 
in the lower border zone of the intrusion. Phenocrystic grains comprise 
euhedral to subhedral, non-pleochroic, very pale green to very pale 
brown augite which shows only very minor compositional zoning and 
between grain variation (Table 4-24). Groundmass clinopyroxene occurs 
as subhedral, very pale green grains of augite which have essentially 
the same composition as the coexisting phenocrysts.
Non-pleochroic, pale greenish to very pale brown augite comprises 
the phenocrystic and groundmass clinopyroxene of the lower zone. The 
phenocrysts are euhedral to subhedral and have only minimal within grain 
variation whereas the between grain variation is restricted to
w°40.8-44.1En43.6-45.6Fs 12.3-13.6 <Table 4-24). Groundmass grains are
subhedral, unzoned and are compositionally very similar to the coexisting 
phenocrysts.
The clinopyroxene of the upper zone
pale greenish to colourless augite with
grains are essentially unzoned and between
the range Wo ̂  „ En Fs42.9-44.9 41.8-44.7 10.9-15.
is a euhedral to subhedral, 
rare simple twinning. The 
grain variation occurs within 
In the upper border zone
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euhedral to subhedral grains of non-pleochroic, very pale green augite 
occur both as phenocrysts and in the groundmass. The phenocrystic 
clinopyroxene is unzoned (Table 4-24) with some grains showing simple 
twinning. The groundmass augite is rarely twinned and is very similar 
in composition to the coexisting phenocrysts (Table 4-24).
Overall the clinopyroxene of the layered laccolith is non-pleo­
chroic augite which is either unzoned or shows only minor compositional 
zoning. In addition, the augite has essentially the same chemical 
composition irrespective of the host rock type, or the height above the 
base of the laccolith, or occurrence as a phenocrystic or as a ground- 
mass phase (Table 4-24; Fig. 4-20).
Most plagioclase phenocrysts of the lower board zone are euhedral 
prisms but some grains have frayed edges which are produced by re­
sorption. Almost all plagioclase phenocrysts show a minor degree of 
alteration to sericite. The phenocrystic plagioclase is sodic lab­
radorite (Fig. 4-21) and it has prominent normal and oscillatory zoning. 
Twinning follows the albite and combined albite-Carlsbad laws. 
Groundmass plagioclase grains are subhedral laths which commonly have 
sericitic alteration and albite and albite-Carlsbad twinning. Com­
positionally the groundmass plagioclase laths are andesine and are more 
sodic than the coexisting phenocrysts (Fig. 4-21). K-feldspar (?ortho- 
clase) occurs as subhedral grains in the groundmass and has ubiguitous 
incipient alteration.
In the overlying lower zone plagioclase phenocrysts occur as 
prismatic grains which are either euhedral or subhedral with ragged 
edges due to resorption. Some grains are clear and unaltered, but most 
prisms are at least slightly turbid due to alteration to sericite. 
Albite and combined albite-Carlsbad twinning are common but pericline
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twinning is relatively rare. Compositionally the plagioclase pheno- 
crysts show normal and oscillatory zoning and range from labradorite to 
calcic andesine (Fig. 4-22). Groundmass plagioclase grains are turbid, 
subhedral laths in which albite and combined albite-Carlsbad twinning 
are common. The laths range from sodic labradorite to calcic oligoclase 
and are generally more sodic than the coexisting phenocrysts (Fig. 
4-22).K-feldspar occurs as thin rims on plagioclase phenocrysts and, 
more commonly, as subhedral grains with pervasive incipient alteration. 
Phenocrystic plagioclase in the lower zone has a crude antipathetic 
relationship with the other two phenocrystic phases (clinopyroxene and 
pseudomorphs after olivine).
Plagioclase grains in the upper zone are euhedral to subhedral and 
are generally turbid due to alteration to sericite. Twinning according 
to the albite and combined albite-Carlsbad laws is widespread as are 
normal and oscillatory zoning. The plagioclase grains range from 
labradorite to calcic andesine in composition (Fig. 4-23). Perthitic 
K-feldspar with ubiquitous incipient alteration occurs as subhedral 
grains dispersed throughout the monzonite.
Phenocrystic plagioclase grains of the upper border zone are 
euhedral to subhedral prisms with prominent albite and combined albite- 
Carlsbad twinning and rare pericline twinning. Minor alteration to 
sericite is a feature of many crystals. Normal and oscillatory 
zoning are common but all plagioclase phenocrysts are sodic labradorite 
(Fig. 4-24) with only a narrow compositional range. Groundmass 
plagioclase grains are subhedral laths which are altered and partly 
replaced by chlorite, calcite and sericite. These groundmass grains
range from sodic labradorite to calcic andesine and are more sodic than
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the coexisting phenocrysts (Fig. 4-24). K-feldspar (?orthoclase) which 
occurs as subhedral grains with incipient alteration is scattered 
throughout the groundmass.
Apart from the lower and upper border zones where the fine-grain 
size precludes accurate distinction between plagioclase and K-feldspar, 
the ratio of plagioclase to K-feldspar decreases with height above the 
base of the intrusion (Fig. 4-19). The compositions of the cores of 
plagioclase phenocrysts (in terms of molecular percentages of An and Ab) 
are essentially constant irrespective of height, but the rim compo­
sitions show a slight increase in Ab content with increasing height 
(Fig. 4-19). The most calcic phenocrystic plagioclase in each of the 
four zones is labradorite. In general, groundmass plagioclase grains 
are more sodic than the coexisting phenocrystic grains and also increase 
in Ab content with increasing height above the base of the intrusion.
Euhedral to suhedral grains of Fe-Ti oxides occur in the upper zone 
and as a groundmass phase in the lower border zone, lower zone and upper 
border zone of the intrusion. Titanmagnetite is the only phase in the 
lower border zone, lower zone and upper border zone whereas titan- 
magnetite and ilmenite coexist in the upper zone. Titanmagnetite grains 
from each of the zones are similar in composition (Table 4-25). 
Reference to the curves of Buddington & Lindsley (1964) indicates a 
temperature of formation for the upper zone between 860° and 900°C at an 
oxygen fugacity (-log) of 11.5 to 12.5.
4.3.4 Stockyard Mountain basalt
The Stockyard Mountain basalt is dark grey to black in handspecimen 
and has phenocrysts of plagioclase, titanmagnetite, and chlorite 
pseudomorphs after ?olivine set in a holocrystalline, fine-grained 
groundmass (Table 4-26). Phenocrystic phases have a size range of 2 to
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3 mm but a few feldspar laths are up to 6 mm long. Some plagioclase 
phenocrysts are glomeroporphyritic. The groundmass which consists of 
feldspar, clinopyroxene, titanmagnetite, chlorite and accessory apatite 
has an intergranular texture. Some feldspar laths are up to 0.2 mm long 
whereas grains of clinopyroxene and titanmagnetite are equant with a 
diameter of 0.01 to 0.07 mm.
Clinopyroxene occurs only as a groundmass phase and consists of
colourless, equant grains of augite. Chemical data are summarized in
Table 4-27 and Figure 4-25. The augite is untwinned, subhedral to
euhedral and has a narrow range of compositions (Wo__ - cEn._ , . . _ ̂ 39.5-42.5 43.1-44.7
Fs -j 1 c rJ' although minor Fe-Ca substitution does occur.13*3—16*0
Euhedral to subhedral, lath shaped phenocrysts of plagioclase are
present in the basalt and commonly have albite and Carlsbad twinning.
The plagioclase is an essentially unaltered labradorite (Fig. 4-26) with
negligible compositional zoning. Subhedral microlites of groundmass
plagioclase have a compositional range of andesine to sodic labradorite
and are richer in albite than the coexisting phenocrysts (Fig. 4-26).
Subhedral microlites of K-feldspar (Tsanidine) occur in the groundmass
and range from Or to Or- with a maximum An content of 11.2 mole29*0 d 9#d
percent.
Titanmagnetite occurs as equant euhedral grains both as a pheno- 
crystic and as a groundmass phase. Phenocrystic titanmagnetite grains 
have slightly higher Si02 and MgO, and lower TiO^ than the coexisting 
groundmass phase (Table 4-28).
4.3.5 Towradgi dolerite
The Towradgi dolerite is a dark grey, holocrystalline, equi- 
granular rock with a grain size of 0.3 to 1 mm. Table 4-29 summarizes 
the relative volumes of the constituent minerals which comprise
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plagioclase, K-feldspar, clinopyroxene, titanmagnetite, olivine and its 
alteration products (chlorite and serpentine) and accessory apatite. 
The texture is subophitic.
The clinopyroxene is a very pale brown, non-pleochroic augite which 
occurs as untwinned, subhedral grains. Chemical data summarized in 
Table 4-30 and Figure 4-27 indicate limited Fe-Mg substitution with 
almost constant Wo content.
Plagioclase occurs as euhedral to subhedral laths which have common 
albite and combined albite-Carlsbad twinning and rare pericline 
twinning. Normal and oscillatory zoning are common and compositionally 
the plagioclase is sodic labradorite (Fig. 4-28). K-feldspar ?ortho- 
clase with a composition of 0ret _ also occurs as subhedral grains with
jO • 3
Carlsbad twinning.
Euhedral to subhedral equant grains of titanmagnetite are the Fe-Ti 
oxide phase in the Towradgi dolerite. Chemical data for this phase are 
summarized in Table 4-31.
Olivine occurs as subhedral grains scattered throughout the 
Towradgi dolerite. Part of the grains are fresh but most areas are 
extensively altered to serpentine and chlorite. Microprobe analyses of 
the fresh olivine (Table 4-32) indicate a composition of Fo84»
4.4 SUMMARY
Primary minerals in all samples of Late Permian igneous rocks of 
the southern Sydney Basin comprise plagioclase, K-feldspar, clino­
pyroxene, olivine, Fe-Ti oxide and accessory apatite. Interstital 
quartz occurs in some samples from the Termeil Complex whereas inter­
stitial analcite is common in the Minumurra Latite Member. Fresh 
olivine is very rare and this mineral is almost invariably replaced by 
one or more of a variety of secondary minerals including chlorite, 
iddingsite, bowlingite, serpentine and calcite.
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Man y of the Late Permian igneous rocks are porphyritic with 
plagioclase as the most abundant phenocrystic phase followed in order of 
decreasing abundance by clinopyroxene, pseudomorphs after olivine, and 
Fe-Ti oxide* The groundmass of the porphyritic rocks is holocrystalline 
but some of the secondary minerals may represent devitrified glass. 
Primary groundmass phases comprise plagioclase, K-feldspar, clino- 
pyroxene, Fe-Ti oxide, pseudomorphs after olivine, and accessory 
apatite. The groundmass of porphyritic rocks is characterized by 
coexisting plagioclase and K-feldspar.
Plagioclase phenocrysts are commonly rimmed by K-feldspar. They 
have prominent normal and oscillatory zoning and often have sericite 
alteration. The compositional range is bytownite to andesine but most 
grains are labradorite. The maximum An content decreases in the series 
basalt-basaltic andesite-andesite. Compositions of cores of plagioclase 
phenocrysts in the layered laccolith of the Coonemia Complex do not show 
any appreciable variation with height above the base of the intrusion 
but groundmass grains and rims of phenocrysts show an increase in Ab 
content with increasing height. In general, groundmass plagioclase of 
the Late Permian rocks is slightly richer in Ab than the coexisting 
phenocrysts (Fig. 4-29). The K-feldspar in many of the intrusive rocks 
is perthite whereas the K-feldspar polymorph in the extrusions is 
assumed to be sanidine.
The only pyroxene of the Late Permian igneous rocks of the southern 
Sydney Basin is a non-pleochroic, pale green or pale brown augite which 
occurs as a phenocryst and in the groundmass. Compositional zoning is 
minimal and groundmass grains have similar compositions to the co­
existing phenocrysts. Moreover, appreciable Fe-enrichment is lacking 
and the clinopyroxene grains have similar compositions irrespective of 
the host rock type (Fig. 4-30).
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Fresh olivine is rare and when present it is relatively Mg-rich 
(FOg^). Titanmagnetite is the only Fe-Ti oxide in most of the Late 
Permian rocks but this phase coexists with ilmenite in the upper part of 
the layered laccolith of the Coonemia Complex. In addition to the 
ubiquitous accessory apatite, the other primary minerals which occur in 






Major and trace element qeochemistry of the Permian extrusions and 
intrusions of the southern Sydney Basin is presented in Section 5.2 
whereas geochemical trends for the Late Permian petrographic province 
are presented in Section 5.3 and the magmatic affinities are discussed 
in Chapter 6.
Major element analyses of 21 samples from some of the Permian 
igneous rocks of the southern Sydney Basin have been published by Card & 
Jaquet ( 1903), Jaquet et al. ( 1905), Card (1907), Harper (1915), Browne 
& White (1928), Chalmers (1941) and Wilshire & Hobbs (1962). In the 
present study 9 of these 21 samples were analysed for trace elements and 
an additional 74 chemical analyses of representative samples of the 
Permian igneous rocks were obtained by X-ray fluorescence, instrumental 
neutron activation and wet chemical methods. Analytical methods and 
results, sample localities and other relevant information are given in 
the Appendices. The chondrite values used for the normalization of rare 
earth (REE) data are Leedy chondrite values from Masuda et al. (1973) 
divided by 1.2 to make these data comparable to average chondrite data 
(Sun & Hanson, 1976; Taylor & Gorton, 1977). The Gd values for all REE 
patterns are interpolated from the Sm-Yb join.
5.2 TOTAL-ROCK MAJOR AND TRACE ELEMENT GEOCHEMISTRY
Extrusions
5.2.1 Shoshonitic basalts
The mean, standard deviation and range of values for the major 
element oxides and trace elements for each flow and for all extrusive
are presented in Tables 5-1 to 5-6 Distinction between five flows on
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the basis of total-rock chemistry is unlikely due to the considerable 
overlap in compositions. Salient features of the major element oxide 
compositions are the high values of Al^O^, ^2° an<̂  alkalis and the
low values of TiO^r McJ0 an<̂  CaO f°r basaltic rocks.
In terms of the CIPW normative nepheline, diopside, olivine, 
hypersthene and quartz, the shoshonitic basalts range from Ne-normative 
to p-normative (Fig. 5-1) irrespective of the use of the analysed ratio 
of Fe^O /FeO + Fe^O^ or an assumed ratio of 0.2 (Hughes & Hussey, 1976). 
The latter value is a standard correction for ferric iron which should 
give a more realistic representation of the pre-eruptive oxidation 
states than the analysed values. Fractionation indices such as the 
Thornton and Tuttle Differentiation Index (DI) and the M-value (Hughes & 
Hussey, 1976) show a range of values (Fig. 5-2).
Although many of the trace elements show a wide range of values the
extrusive basalts from the petroqraphic province are enriched (relative
to other basaltic rocks) in the large-ion lithophile elements such as Rb
and Sr. The basalts show moderate fractionation of REE (Fig. 5-3) with
La /Yb ratios between 5.8 and 10.2 and they are enriched in light REE
with La values between 79 and 98. No Eu anomaly is present in the N
pattern for the Minumurra Latite Member but the other four shoshonitic 
basalts have negative Eu anomalies with Eu/Eu* ratios between 0.68 and 
0.87.
5.2.2 Shoshonitic basaltic andesites
Chemical data for the shoshonitic basaltic andesites from the
southern Sydney Basin are summarized in Tables 5-7 to 5-10. In addition
to higher SiO^ concentrations than the shoshonitic basalts, the
basaltic andesites also have higher Na 0 and K 0, and lower A1 0 , MgO,
2 2 2 3
CaO and Sr contents. The range of M-values (37.1-47.2) is narrower than
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that shown by the shoshonitic basalts whereas the DI is broader (Fig.
5-4). REE patterns (Fig. 5-3) are similar to those shown by the
shoshonitic basalts and they have moderate fractionation of the elements
(La /Yb ratios between 7.0 and 7.5), enrichment in the light REE (La„ N N N
values between 83 and 105) and all three basaltic andesites have 
negative Eu anomalies (Eu/Eu* ratios between 0.70 and 0.81)
5.2.3 Shoshonitic andesite
The shoshonitic andesite is defined on the basis of the Si02
content (>57 weight percent) and it is characterized by higher Na20 and
K^O, and lower CaO than the shoshonitic basalts and basaltic andesites
(Table 5-11). M-values range from 17.1 to 46.1 whereas the DI has a
much narrower range between 71.9 and 77.4 (Fig. 5-5). The REE pattern
(Fig. 5-3) has a similar shape to the patterns for the other extrusive
rock types and has moderate fractionation of the elements (La /Yb = 6.9)N N
but it is more enriched in all REE (e.g. La = 149) and it has a moreN
pronounced negative Eu anomaly (Eu/Eu* = 0.60).
5.2.4 All extrusions
Various features of the total-rock geochemistry of the Late Permian
extrusions of the southern Sydney Basin are summarized in Tables 5-6,
5-10 and 5-11, and Figures 5-3, 5-6 and 5-7. These data do show some
scatter but salient features include high values for A1 0 , K 0, total
alkalis, f erric/ferrous iron ratios, Rb and Sr and low values for
TiO , CaO, MgO, Cr and Ni compared with rocks of similar SiO content. 
2 2
Notable compositional changes in the series basalt-basaltic andesite- 
andesite, in addition to the implied increase in Si02, comprise 
increases in Na2°' K^O, Rb' total REE, Th and Hf, and decreases in 
Al2O y  total Fe, MnO, MgO, CaO, Sr, Sc and Co. The degree of fraction­
ation of REE (La„/Yb„) is relatively uniform throughout the sequence.N N
-70-
In the Na20-Ca0-K20 ternary plot (Fig. 5-7) the relative amount of 
Na 2<0 is steady within broad limits whereas K^O increases and CaO 
decreases in the series basalt-basaltic andesite-andesite. In the AFM 
plot (Fig. 5-7) the relative amount of total iron and, to a lesser 
extent, MgO decreases from basic to intermediate rock types.
Stratigraphic position has no correlation with igneous rock 
chemistry (e.g. Fig. 5-8) but the Late Permian extrusions exhibit a 
continuum of compositions both within and between rock types. This 




Total-rock geochemical data for the monzogabbro and the basalt of 
the Termeil Complex are summarized in Tables 5-12 and 5-13 and indicate 
that the monzogabbro has a restricted range of compositions but the 
basalt shows more variation in chemistry. Most basalt samples are 
saturated in terms of the CIFW normative mineralogy but they range from 
p-normative to Ne-normative depending on the ferric/ferrous iron ratio 
used in the calculation (Fig. 5-9). Nepheline appears in the norm when 
the Fe^^/FeO + F e 2° 3  ratio is set at the assumed value of 0.2 instead 
of the analysed ratio. The monzogabbro has a similar normative 
mineralogy (Fig. 5-10) and only one sample is Ne-normative. One 
analysis reported in Harper (1915) has a F e ^ O ^ / F e O + F e 2° 3  ratio of 0.13 
which results in a decrease in the amount of normative olivine when the 
CIFW norm is calculated using the assumed value of 0.2. The monzogabbro 
samples have a more restricted range for the DI and M-value than the 
basalt samples (Fig. 5-11) and the highest M-value for the rocks of the 
complex is 56.5* In the AFM and Na^-CaO-K^O plots (Fig. 5-12) the 
monzogabbro and basalt show a compositional overlap.
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Tbe PEE patterns for both rock types are very similar (Fiq. 5-13)
and are enriched in light REE (La„ values between 51 and 60) with slightN
fractionation of the elements (La /Yb values between 4.8 and 6.1). AllN N •
three samples have slight to moderate negative Eu anomalies (Eu/Eu* 
ratios between 0.69 and 0.86).
5.2.6 Milton Complex
The total-rock geochemistry of the rocks of the Milton Complex 
(Tables 5-14 to 5-16) reflects the nomenclature of the three rock types 
based on petrographic criteria with SiO^ content increasing in the 
series porphyritic monzonite-porphyritic micromonzonite-monzonite. K, 
Rb, total REE and Hf also increase through this series but Al^O^, M90» 
V and Sr have an antipathetic relationship with SiO^ content* The other 
oxides and elements either show very little variation or the variation 
does not correlate with rock type. Most samples of the porphyritic 
monzonite are saturated when the CIPW norm is calculated using the 
analysed Fe^O^/FeO + Fe^O^ va -̂ue and most samples are Ne-normative if 
the assumed value of 0.2 is used (Fig. 5-14). In contrast the porphy­
ritic micromonzonite is p-normative or saturated depending on the 
ferrous/ferric iron ratio used in the calculation and the monzonite is 
saturated irrespective of the value used (Fig. 5-15). The magnitude of 
the M-value decreases in the series porphyritic monzonite to porphyritic 
micromonzonite to monzonite (Fig. 5-16) but there is considerable 
overlap between rock types. Samples of the porphyritic monzonite and 
micromonzoni te have similar DI values, and the monzonite is the most 
differentiated rock type in the complex with a DI value of 64.5. In the 
AFM and Na^O-CaO-K^O plots (Fig. 5-17) the porphyritic monzonite and 
nicromonzonite have a considerable compositional overlap whereas the 
monzonite is richer in alkalis than either of the other rock types.
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The REE patterns for the three rock types (Fig. 5-18) are all
parallel, show moderate fractionation of the elements (La /Yb ratio
between 6.1 and 6.5) and have moderate negative Eu anomalies (Eu/Eu*
ratios between 0.61 and 0.80). All samples are enriched in light REE
and the magnitude of this enrichment increases from porphyritic
monzonite to porphyritic micromonzonite to monzonite with La„ values ofN
89 to 111, 114 and 127 respectively.
5.2.7 Coonemia Complex
Whole-rock geochemical data for the layered laccolith of the 
Coonemia Complex are summarized in Tables 5-17 and 5-18 and Figures 5-19 
to 5-22 and the variation in composition with height above the base of 
the intrusion is indicated in Figure 5-23.
The basalt of the upper and lower border zones has similar contents
of major element oxides and trace elements (Table 5-19) and is saturated
or Q-normative depending on the ferric/ferrous iron ratio used for the
calculation (Fig. 5-19). The mean DI is 39.2 and the mean M-value is
55.6. Slight differences between the upper and lower border zones (e.g.
in MgO, FeO and Fe2°3  ̂ probably reflect very slight differentiation
prior to emplacement and different degrees of oxidation at the upper and
lower contacts. REE patterns for samples from the upper and lower
border zones are indistinguishable within the limits of experimental
error (Fig. 5-21) and show moderate fractionation of the elements (mean
La /Yb, = 6.2), enrichment in light REE (mean La = 62) and have a N N N
slight negative Eu anomaly (mean Eu/Eu* = 0.90).
The five samples of the porphyritic monzogabbro of the lower zone 
have a relatively restricted range of compositions (Table 5-20) which 
are generally more basic (lower SiO^ and higher MgO and M-value) than 
the border zones. REE patterns for these five samples are parallel
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(Fiq. 5-21) with moderate fractionation of the elements (La /Yb values
W  N
between 5.8 and 6.5) and are enriched in liqht REE (La values between 
48 and 70). All samples have a slight negative Eu anomaly (Eu/Eu* ratio 
between 0.88 and 0.95). The only difference between the REE pattern for 
the porphyritic monzogabbro and the basalt is the wider range in the 
degree of enrichment of light REE for the rocks of the lower zone.
Samples of the monzonite from the upper zone show a much wider
range of compositions (Table 5-21) than the porphyritic monzogabbro and
the basalt. This variation is well illustrated by the scatter on the
plot of some normative minerals (Fig. 5-19) and in the wide range of
values for the DI (Fig. 5-20). REE patterns for samples from the
monzonite (Fig. 5-21) are parallel, moderately fractionated (La^/Yb^
values between 5.8 and 7.1), enriched in light REE (La values betweenN
60 and 121) and either have no Eu anomaly or have a slight negative Eu 
anomaly (Eu/Eu* ratios between 0.81 and 1.00).
The most differentiated part of the layered laccolith occurs 
approximately 75 m above the base of the intrusion and is marked by a 
sharp increase in the contents of many major element oxides and trace 
elements including SiO^, Na^O, K^O, P̂ Ô ., Y' Th and REE and a marked
depletion in the contents of other components including A^O^, Ca(̂ /
Sr, Sc and Co (Fig. 5-23).
Variation in content of many major element oxides and trace 
elements with height above the base of the intrusion is slightly 
erratic, particularly in the upper zone, but most components have a 
systematic increase or decrease with increasing height. The components 
which show the most systematic increase with increasing height comprise 
SiO , TiO , Na 0, K 0, Y, Zr, Rb, Zn and REE whereas the contents of
£ c. £ £•
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MnO, P^O^, Y' pk and V also increase but in a less systematic way.
MqO, CaO and Co systematically decrease with increasing height and Sr 
also shows the same trend but the variation is more erratic. Al^O^, 
FeO, Fe^O^, Ga anĉ  Sc not s^ow any regular variation with height. In 
the AFM plot (Fig. 5-22) the total iron content is constant and the 
lower zone and border zones have a compositional overlap whereas the 
monzonite is generally richer in alkalis than the porphyritic monzo- 
gabbro. Similarly, in the Na^O-CaO-K^O plot the basalt and porphyritic 
monzogabbro overlap and the monzonite is generally richer in alkalis 
than either of the other two rock types.
5.2.8 Stockyard Mountain basalt
Within the limits of experimental error, the three samples of the 
Stockyard Mountain basalt are indistinguishable (Table 5-22). The 
M-value has a mean of 45.7 with a standard deviation of 0.2 and the 
three samples are Q-normative when the CIPW norm is calculated using the 
analysed Fe^O^/FeO + Fe^O^ ratio whereas all samples are saturated when 
the assumed ratio of 0.2 is used (Fig. 5-24). The REE pattern (Fig. 5­
25) shows moderate fractionation (La /Yb = 8.2) with enrich-ment of theN N
light elements (La = 86) and it has a slight negative Eu anomalyN '
(Eu/Eu* = 0.83).
5.2.9 Towradgi dolerite
The Towradgi dolerite is quartz normative or saturated depending on 
the value of the ferric/ferrous ratio used in the calculation (Fig. 
5-26). The M-value is 57.6 and the rock has a DI of 26.9. The REE
pattern (Fig. 5-27) shows moderate fractionation (La^/Yb^ = 6.6), 
enrichment in light elements (LaN = 60) and a very slight negative Eu
anomaly (Eu/Eu* = 0.96)
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5.2.10 All intrusions
Various features of the total-rock geochemistry of the Late Permian 
intrusions of the southern Sydney Basin are summarized in Figure 5-28. 
These intrusions have a relatively restricted range of compositions with 
between 47.84 and 54.58 weight percent, and the vast majority (in 
terms of both volume and freguencey of occurrence) have less than 53%
SiO .
2
The widest range in SiC>2 contents (48.56-53.88%) occurs in the 
rocks of the Coonemia Complex whereas the rocks of the Termeil and 
Milton Complexes have more restricted ranges from 47.84 to 51.36%, and 
51.11 to 54.58% respectively. Only one sample of the Towradgi dolerite 
was analysed due to the very restricted occurrence of this intrusion, 
and the three samples of the Stockyard Mountain basalt are geochemically 
indistinguishable. The most basic Late Permian intrusive rock occurs in 
the Termeil Complex and the least basic intrusion is the monzonite of 
the Milton Complex.
As a consequence of the variation in Si02 contents, samples from a
particular intrusive complex tend to cluster on binary variation
diagrams. In particular, the samples of the Coonemia and Milton
Complexes tend to form coherent, overlapping groups (Fig. 5-28).
Samples of the Termeil Complex tend to have a more erratic distribution
and overlap samples from the Coonemia Complex, and to a lesser extent,
the Milton Complex. Within complex variation is less regular than
trends discernible when all the intrusions are considered as a group but
they still reflect the same trends. Increasing Si02 content is
accompanied by increases in TiO Na O, K O, total alkalis, P 0 , Rb,
2. £  2. 2 5
Th, Cu, REE and Hf whereas MgO, CaO, Ni, Cr and Co decrease as SiO
2
increases (Fig. 5-28). Variation in other oxides and elements is
erratic but Sr, V and Sc generally decrease with increasing SiO^ All 
of these trends are reversed if concentration of the oxide or element is 
plotted against MgO instead of Si02 (^*7* 5-28).
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On the AFM plot (Fig. 5-29) samples from each of the intrusive 
complexes plot as discrete groups and no iron enrichment is apparent 
either within complexes or for the intrusive rocks as a group. Samples 
from the various intrusive complexes have considerable overlap on the 
basis of Na20-Ca0-K20 contents (Fig. 5-29) but the relative amount of 
total alkalis increases from the Towradgi dolerite and the most basic 
rocks of the Termeil Complex, through the Stockyard Mountain basalt 
and rocks of the Coonemia Complex to the rocks of the Milton Complex.
Variation in shape of the REE patterns within and between intrusive 
complexes (Figs 5-13, 5-18, 5-21, 5-25, 5-27) is small (mean La^/Yb^ =
6.3 with a standard deviation of 0.7) but the degree of enrichment in
light elements has a wide range (mean La = 79 with a standard deviationN
of 26).
5.3 PROVINCE TRENDS
Comparison of the data summarized in Sections 5.2.4 and 5.2.10 and 
Table 5-24 indicates that the extrusive rocks have a broader compo­
sitional range than the intrusions and that the most evolved extrusions 
(the Five Islands and Cambewarra Latite Members) do not have equivalent 
intrusive rocks. Moreover, the most basic intrusive rocks (e.g. 
Towradgi dolerite) do not have extrusive counterparts. The generally 
more basic character of the intrusions is also reflected by higher
contents of total iron, MgO, CaO, Sr, V and Sc, and lower Na 0, K 0, Rb,2 2
Th, Hf and REE. The intrusions and extrusions, however, do have 
extensive compositional overlap and exhibit a continuum of compositions 
which range from 48.40 to 60.64% SiO^. Compositional variations shown 
within the intrusive and extrusive groups are reinforced for the
province
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*̂î 2 relatively low an<3 within an overall range of 0.40 to
1.68%, it shows little variation with increasing SiO (Fig. 5-30).2
a^20 3 content is variable within the range of 13.31 to 19.86% and the 
ferric/ferrous iron ratio is commonly greater than 0.5. MgO decreases 
with increasing Si02 (Fig. 5-30) and is relatively low with a maximum 
value of 7.74%. Si02 an<̂  Ca0 ^ave an antipathetic relationship whereas 
Na2̂ ' ^2° an<̂  total alkalis increase with increasing SiO^ (Figs 5-6,
5-28, 5-30). The contents of both Na20 and 1^0 are relative to
most igneous rocks with similar SiC>2 contents and this high K20 content 
is also reflected in relatively high concentrations of other large-ion 
lithophile elements including Rb, Pb and REE.
Mafic rocks in the province are near saturated and range from Ne- 
normative to p-normative depending on the Fe^^/FeO + F e 2° 3  ratio used 
in the calculation. The rocks of the province are relatively evolved 
and have a maximum M-value of 58.9 and a minimum DI of 27.0. Fe 
enrichment is absent (Fig. 5-31) whereas the Na.O-CaO-K 0 plot indicates 
an antipathetic relationship between K^O and CaO while the relative 
amount of Na increases only slightly as CaO decreases. All Late 
Permian igneous rocks of the southern Sydney Basin show moderate 
fractionation of REE and the degree of enrichment of light REE increases 
with increasing Si02 content. In addition many samples show slight to 






Joplin (1964) considered that the Late Permian lavas of the 
southern Sydney Basin had shoshonitic affinities but Morrison (1980) 
excluded these extrusions from his compilation of data on shoshonitic 
rocks from various tectonic and geographic settings. The reasons for 
this exclusion, and the particular magmatic series to which these Late 
Permian rocks were assigned, were not given by Morrison (1980). The 
data presented herein, however, confirm the shoshonitic affinities of 
rocks of the Late Permian petrographic province of the southern Sydney 
Basin.
The geochemical characteristics of the shoshonitic rock association 
identified by various workers and reviewed by Morrison (1980) are 
presented in Table 6-1 together with the relevant data for the rocks of 
the Late Permian petrographic province. Late Permian rocks with less 
than 53% SiC>2 are near saturated and range from Ne-normative to Q-norm­
ative when the analysed Fe^O^/FeO + Fe2^3 rat^° used for the CIPW 
norm calculation (Fig. 6-1). A calculation based on the assumed 
Fe^O^/FeO + Fe2 ° 3  rati° °f 0.2 (Hughes & Hussey, 1976) would produce a 
general shift in the data away from the Q-normative apex of the 
quadrilateral and it would result in many more samples plotting in the 
Ol-Di-Hy field. Shoshonitic rocks are characterized by a high ferric/ 
ferrous iron ratio (Morrison, 1980). This feature is also clearly
demonstrated by the Late Permian rocks of the southern Sydney Basin 
(Fig. 6-2; Table 6-1) but the extent of post-emplacement oxidation is 
unknown and the full significance of these data is debatable. An 
assumed Fe20^/ Fe0 + Fe2^3 rat*° 0*2 produces a Fe^O^/FeO ratio of
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0.25 which is significantly lower than the ratio observed in shoshonitic
rocks (Morrison, 1980). Usage of a higher assumed F e ^ O ^ / F e O ratio (e.g.
0.5) will produce some changes in the CIPW normative mineralogy, 
particularly in the degree of saturation, but the conclusions outlined 
previously will still be valid.
The AFM trend, total alkali content, K^O/Na^0 ratio, K^O versus 
SiO^ trend and content of large-ion lithophile elements for the Late 
Permian igneous rocks of the southern Sydney Basin are characteristic 
of shoshonitic rocks (Table 6-1). TiO^ contGnt of these igneous rocks 
ranges up to 1.68% which is considerably higher than the maximum value 
of 1.3% suggested by Morrison (1980). Inspection of Table 2 of Morrison 
(1980), however, indicates that the TiO^ content of shoshonitic rocks
ranges from 0.18 to 1.92% and has complete overlap with the Sydney Basin
igneous rocks. Similarly, the content the rocks of the Late
Permian petrographic province has a wide range (13.31 to 19.86%) but is 
generally high (>16%) and is within the range of values for shoshonitic 
rocks (Morrison, 1980).
The petrography of shoshonitic rocks is characterized by clino- 
pyroxene which plots in the augite-salite fields and lacks Fe enrich­
ment? coexisting plagioclase and sanidine in the groundmass, and 
sanidine rims on phenocrysts of labradorite (Nicholls & Carmichael, 
1969; Joplin et al., 1972). The Late Permian igneous rocks of the 
southern Sydney Basin show all of these features (Section 4.4).
In many regions variations in K2<3 and SiO^ are the most significant
feature within the major element oxides and a plot of K 0 versus SiO
2 2
can be used for the purposes of nomenclature and the recognition of the 
volcanic series (e.g. Peccerillo & Taylor, 1976). The shoshonitic
affinities of the Late Permian extrusions of the southern Sydney Basin 
are well illustrated in this plot (Fig. 6-4).
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6.2 COMPARISON WITH OTHER SHOSHONITIC ROCKS
In order to facilitate comparison between the rocks of the Late 
Permian petrographic province and shoshonitic rocks from other regions, 
the rocks are subdivided into intrusions and extrusions and further 
subdivision is based on SiO^ content and corresponds to the values used 




Published analytical data for shoshonitic intrusions are relatively 
few but data are available for rocks from New Guinea (Smith, 1972), 
eastern Australia (Sutherland, 1973) and France (Pagel & Leterrier,
1980) . Comparison of the mean analyses of the Sydney Basin intrusions
with analytical data for rocks from other regions (Tables 6-2, 6-3)
indicates close similarities in whole-rock geochemistry between all four 
regions. The data, however, do suggest that the rocks of the Late 
Permian petrographic province do have higher TiO^ and Cu and lower Ni 
and Cr than the rocks from other regions.
Extrusions
Shoshonitic extrusions are known from many regions including Java 
and Celebes (Iddings & Morley, 1915), Fiji (Gill, 1970), Puerto Rico 
(Jolly, 1971), Torres Strait (Willmott, 1972), England (Cosgrove, 1972), 
New Guinea (Mackenzie & Chappell, 1972), Aeolian Islands (Keller, 1974), 
Andes (Dostal et al., 1977? Deruelle, 1978), Bulgaria (Boccaletti et 
al., 1978; Manetti et al., 1979), Wyoming (Nicholls & Carmichael, 1969; 
Gest & McBirney, 1979), Latium (Civetta et al., 1981), (Dupuy et al.,
1981) , and Greece (Pe-Piper, 1980, 1983).
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6.2.2 Basalts
A compilation of published whole-rock geochemical data for 
shoshonitic basalts from various regions shows many similarities between 
all the regions but also some significant differences (Table 6-4). The 
trace element data for the rocks from Devonshire are anomolous in that 
these rocks contain the highest Ni content and also the highest contents 
of Th, La and Ce. The high mean values for these three large-ion 
lithophile elements are due primarily to one analysis (Cosgrove, 1972; 
table 3, analysis PV3) with very high values for La, Ce and Th. 
Contents of most major elements in the Late Permian basalts of the 
Sydney Basin are near the middle of the range of values displayed by the 
other 15 regions* Exceptions to this generalization include A1 2° 3 and 
K 0 which are relatively high, and MgO and CaO which are relatively low 
in the Sydney Basin igneous rocks. These trends are also reflected in 
the concentrations of trace elements. The Sydney Basin igneous rocks 
have relatively low Ni and Cr, and average to relatively high contents 
of large-ion lithophile elements. REE contents of Late Permian basalts 
of the Sydney Basin are almost identical to those of Andean shoshonitic 
basalts (Table 6-4, column J) but the contents of some major element 
oxides (e.g. CaO, MgO) and other trace elements (e.g. Ni, Cr) are very 
different.
6.2.3 Basaltic andesites
A compilation of major element data for shoshonitic basaltic 
andesites from many regions (Table 6-5) indicates that these rocks form 
a coherent group and that the data for rocks of the Late Permian 
petrographic province of the Sydney Basin are near the middle of the 
range of values for all regions. The only exceptions to this general­
ization are K20 and p 2 ° 5  which are relatively high in the Sydney Basin
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igneous rocks. Relatively few comparative trace element data are
available (Table 6-5) but the Sydney Basin igneous rocks have very 
similar contents of most trace elements to shoshonitic basaltic 
andesites from elsewhere. Both Ni and Cr are relatively low for the 
Sydney Basin igneous rocks and the contents of light and medium REE are 
identical for the rocks from the Sydney Basin and Bulgaria. Shoshonitic 
basaltic andesites from the Aeolian Islands (Keller, 1974; Table 6-5, 
column I) have much higher values for La and Ce than similar rocks from 
elsewhere.
6.2.4 Andesites
Comparison of major element geochemical data for shoshonitic 
andesites from various regions (Table 6-6) shows that these rocks also 
form a coherent group in which the composition of the Cambewarra Latite 
Member is near the middle of the range of values for all major element 
oxides except MgO which is relatively low in the Sydney Basin igneous 
rocks. The trace element data for the shoshonitic andesite from 
Devonshire (Cosgrove, 1972; Table 6-6, column G) are anomolous in that 
this rock contains very high Ni and also very high La and Ce. In common 
with the shoshonitic basalts and basaltic andesites, the andesite from 
the southern Sydney Basin has relatively low Ni and Cr.
6. 3 SUMMARY
The petrographic and geochemical data for the rocks of the Late 
Permian petrographic province of the southern Sydney Basin are character­
istic of the shoshonitic rock association. Comparison of the geo­
chemical data for shoshonitic rocks from a wide variety of tectonic and 
geographic regions indicates that these rocks form a coherent group and 
that the rocks from the southern Sydney Basin are near the middle of the 




RELATIONSHIPS BETWEEN PERMIAN IGNEOUS ROCKS
7.1 INTRODUCTION
With the exception of the Stockyard Mountain and Towradgi sills, 
the Permian intrusive complexes of the southern Sydney Basin include a 
variety of rock types which show a continuum of compositions and regular 
variations in petrography and geochemistry. These trends indicate that 
the rock types within a particular intrusive complex may be related by 
crystal fractionation. A similar argument applies for the Permian 
extrusive rocks which show a continuum of compositions and regular 
variations in petrography and geochemistry in the series basalt-basaltic 
andesi te-andesite.
A computer program based on the method of Bryan et al. (1969) and 
written by A. S. Bagley (University of Queensland) was used to evaluate 
the plausibility of various models linking particular rock types by 
fractional crystallization. The program calculates the proportions of 
fractionating phases to be added to, or subtracted from, a given 
parental magma to obtain a differentiate by minimizing the sum of the 
squares of differences between the observed and calculated differentiate 
compositions. The program utilizes all the major element data provided 
and calculates a solution from these data.
Lower values for the sum of the squares of differences are 
generally better than higher values (Stormer & Nicholls, 1978) but the 
magnitude of the sum of squares of differences is not a statistical test 
of the goodness of the model. As the number of fractionating phases 
increases the magnitude of the sum of squares of differences decreases. 
Eor example, although a model using phases A, B and C will have a lower
sum of squares of differences than a model using only A and B, this does
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no t prove that the former model is better than the latter model. Also, 
when the number of fractionating phases equals the number of major 
element oxides used in the analyses, the sum of squares of differences 
will be zero irrespective of all other factors. This is simply a 
consequence of the mathematical manipulation of the data. Hence a sum 
of squares of differences of zero is not necessarily indicative of a 
perfect model. An additional shortcoming of the least-squares modelling 
is that the results depend on whether a magma is considered as the 
parent or as the derivative. If magmas X and Y are considered to be the 
parent and derivative respectively and also modelled with their roles 
reversed (i.e. Y as the parent and X as the derivative) the fraction­
ating phases should be additative in one model and subtractive in the 
other model. In least-squares modelling, however, the sum of squares of 
differences and the proportions of fractionating phases are very 
different for each model. In short, the method gives, at best, a 
semiquantitative evaluation of the fractionating processes proposed; it 
cannot be used to prove that a particular model is the best possible 
solution but can be used to show that a model is plausible and gives the 
proportions of fractionating phases to be added to, or subtracted from, 
a chosen parental magma.
The problem of deciding on a maximum value of the sum of squares of
differences for a plausible model can be solved by consideration of the
possible errors associated with the data used for the least-squares
modelling. If the magnitude of the error in the data is taken at 3%
relative, the possible error in SiO for samples with 50% and 60% SiO ̂ 2
will be 1.5 and 1.8 respectively, and the sum of squares of differences 
due to SiO^ alone will be 2.25 and 3.24. As the squares of errors in 
other constituents are small compared to the contribution of Si02, the 
maximum value for the sum of squares of differences for a plausible 
model is based mainly on the SiO^ content of the modelled components.
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The mean of a number of analyses of the composition of a rock or 
mineral should be a better estimate of the composition than any 
individual analysis. Hence, in the least-squares mixing models the 
average whole-rock analysis of a particular flow or intrusive rock type 
was used for the composition of the parental or derivative magma and 
the average compositions of phenocrystic minerals were used for the 
compositions of the fractionating phases. Olivine compositions are 
taken from Joplin et al. (1972) because fresh grains of this phase are 
very rare in the intrusions and are absent from the extrusions. The 
similarity between the olivine composition from Joplin et al. (1972) and 
the analysis of the olivine in the Towradgi sill (Section 4.3.5) 
supports this procedure. In all total-rock and mineral analyses total 
iron is calculated as FeO to overcome the problem of post-crystalliz­
ation oxidation and also because the ratio of ferrous to ferric iron 
cannot be determined by analysis with the electron microprobe.
The behaviour of trace elements during magma differentiation has 
found increasing usage during the last decade in the evaluation of 
various models for fractionation. Two end-member models are available 
for fractional crystallization and represent either equilibrium between 
the surface of the crystallizing phases and the melt, or total equi­
librium between the crystallizing phases and the melt. The former model 
may be applied to the relatively rapidly cooled, shallowly emplaced 
magmas whereas the latter model describes plutonic conditions where 
cooling is slow and the crystallizing phases are in total equilibrium 
with the melt. Late Permian intrusions of the southern Sydney Basin 
were emplaced under relatively thin covers of earlier Permian strata and 
the behaviour of trace elements during the crystallization of these
magmas is probably better described by the surface equilibrium model
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The ubiquitous occurrence of zoned plagioclase crystals in these Late 
Permian shoshonitic rocks supports usage of this model. The equation 
describing the behaviour of trace elements during fractional crystall­
ization on the basis of the surface equilibrium model has been given by 
Greenland (1970) and may be written as
Si = f (D -1 )
Co
where = concentration of the element in the derivative liquid
C = concentration of the element in the parental magma o
F = fraction of melt
D = bulk partition coefficient and is given by
- 0 n
D = X K  a + X PK P + ......  where X is the weight
fraction of phase a, and K° is the mineral/liguid 
partition coefficient for phase a.
The ratio of the concentration of an element in the fractionating 
solids can be written as
C s _ 1 - F 0
C q 1“ F
where C = concentration of an element in the fractionating s
solids.
The concentration of an element in a magma formed by the addition of 




C q + (1 -Y)
where C = concentration of an element in the resultant magma r
Y = weight fraction of added fractionated solids.
The validity of various models can be assessed on the basis of the 
similarity between calculated and observed trace element assemblages.
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Although the precise values of partition coefficients for trace 
elements and how these values are affected by changes in temperature, 
pressure and magma composition are debatable (e.g. Irving, 1978), trace 
element data can be used to assess fractionation models at least at the 
semiquantitative level. Partition coefficients used in the present 
study are given in Table 7-1 and are typical values for basaltic rocks 
as summarized by Irving (1978) and as determined in the more recent 
study by Nicholls & Harris (1980).
Relationships between the rocks of the layered laccolith of the 
Coonemia Complex will be discussed first (Section 7.2) as these rocks 
were formed by in situ differentiation and hence should be informative 
for the determination of the different processes which operated in the 
magmas of the Late Permian petrographic province. Data for the other 
intrusive complexes will be presented and discussed in Sections 7.3 and
7.4 whereas the extrusions will be considered in Section 7.5.
7.2 COONEMIA COMPLEX
As only one fully-cored hole (DM Callala DDH 1 ) has been drilled 
through the subsurface laccolith of the Coonemia Complex, the degree and 
extent of lateral variation are unknown and data for vertical layering 
are based on one vertical section only.
The lack of variation in the compositions of cores of plagioclase 
phenocrysts and the regular variation in the compositions of the rims of 
these phenocrysts with height in the lower and upper zones (Section 
4.3.3) indicate that the laccolith consolidated as a single cooling unit 
in its present position. Regular variations in modal mineralogy and 
total-rock geochemistry support this interpretation. Porphyritic 
textures in both the upper and lower border zones of the layered
laccolith indicate that some crystallization had occurred prior to
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emplacement. Slight differences in the petrography and geochemistry of 
the upper and lower border zones may be the result of pre-emplacement 
differentiation. In particular, the greater content of pseudomorphs 
after phenocrystic olivine in the lower border zone compared with the 
upper border zone may reflect slight differentiation of olivine. These 
differences between the upper and lower border zones are only minor and 
the mean composition of the two border zones is taken as being represent­
ative of the bulk composition of the magma at the time of emplacement. 
This magma will be referred to as the parental magma but this termin­
ology does not imply that the magma has not undergone fractionation or 
other modification between the time of generation and the time of 
emplacement in its present position.
The overall decrease in the content of phenocrysts with increasing 
height in the lower and upper zones together with the accompanying 
variation in total-rock geochemistry suggest that the vertical layering 
in the laccolith may reflect fractionation of the observed phenocrystic 
phases. Input data used for the evaluation of various fractionation 
models based on major element data are summarized in Table 7-2. The 
maximum SiO^ content of rocks of the complex is 53.88% and on the basis 
of a relative error of 3%, the error due to SiO^ a -̂one could be 1.62 and 
the square of this error is 2.62. As other components are relatively 
minor, the maximum sum of squares of differences for a realistic 
fractionation model is taken as 3.00. For example, the sum of squares 
of differences (0.1178) for the model linking the lowermost analysed 
sample from the lower zone to the border zones by fractionation of 
plaqioclase, clinopyroxene and olivine (Table 7-3) is acceptable since 
it is numerically lower than the upper limit for a plausible model.
Sums of squares of differences for all models of derivation of the
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analysed samples of the lower and upper zones from the parental magma by 
fractionation of one or more of the phases plagioclase, clinopyroxene, 
olivine and titanmagnetite are summarized in Table 7-4. These data 
indicate that fractionation of all four of these minerals is a plausible 
explanation for the development of all rocks in the layered laccolith. 
Also, all rocks in the lower zone can be derived from the parental magma 
by fractionation of almost all combinations of one or more of the phases 
plagioclase, clinopyroxene, olivine and titanmagnetite. Only eight of 
these 75 models have sums of sguares of differences greater than 3.00 
and involve fractionation of a single phase only, or fractionation of 
plagioclase and clinopyroxene, or fractionation of clinopyroxene and 
olivine (Table 7-4). The lowermost sample from the upper zone can be 
modelled by fractionation of all combinations of plagioclase, clino­
pyroxene, olivine and titanmagnetite but most models for the derivation 
of the other three samples from this zone have sums of squares of 
differences which are too high for the models to be plausible. However, 
when K-feldspar is also considered as a fractionating phase in the upper 
zone the sums of squares of differences for most of these models 
decrease significantly and they become acceptable (Table 7-4).
On the basis of the least-squares models the rocks in the lower 
part of the layered laccolith can be derived from the parental magma by 
fractionation of most combinations of plagioclase, clinopyroxene, 
olivine and ti tanmagnetite but the rocks in the upper part of the 
intrusion require K-feldspar as an additional fractionating phase. 
Petrographic data for the intrusion (Section 4.3.3) accord with these 
models. In particular, the fractionation of plagioclase, clinopyroxene 
and olivine in the lower parts of the intrusion is reflected in the 
antipathetic relationship between the content of these phases as
phenocrysts and height above the base of the laccolith
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Sc, Co and REE data when normalised to the average composition of 
the border zones indicate the relative enrichment or depletion of 
these elements in the upper and lower zones and reflect the nature and 
extent of the fractionation processes which gave rise to the rocks of 
the layered laccolith. Most samples from the lower zone have relatively 
flat patterns (Fig. 7-1 ) and are depleted in REE and enriched in Sc and 
Co relative to the parental magma. In contrast, two samples from the 
upper zone are relatively enriched in REE and relatively depleted in Sc 
and Co whereas the third sample, from the base of the zone, has similar 
contents of Sc, Co and most REE to the parental magma (Fig. 7-1).
The very high value for the partition coefficient for Co in 
titanmaqnetite (Ka = 28; Table 7-1) induces a marked relative depletion 
or enrichment in the abundance of this element in the derivative liquid 
when titanmagnetite is removed from, or added to, a magma respectively. 
The lack of such an anomaly in the trace element patterns of the rocks 
from the layered intrusion (Fig. 7-1 ) indicates that ti tanmagnetite is 
not an important phase in their fractionation. Similarly, the partition 
coefficients for Sc and, more particularly, Co in both olivine and 
clinopyroxene induce marked anomalies in the patterns for these elements 
if either of these minerals is the only fractionating phase or if both 
minerals are the only fractionating phases. The observed patterns do 
not support any of these three possible models.
The partition coefficient for Eu in plagioclase differs markedly 
from the coefficients for other elements in this mineral (Table 7-1). 
As a result of this difference a marked Eu anomaly will be produced in 
the trace element patterns if plagioclase is an important fractionating 
phase. Lack of a major Eu anomaly in the observed trace element 
patterns precludes substantial fractionation of plagioclase.
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Comparison between the observed trace element patterns (Fig. 7-1) 
and a variety of modelled patterns which are summarized in Figure 7-2 
indicates that the closest agreement between the observed patterns for 
the upper part of the laccolith and the calculated patterns for a 
derivative is achieved for models based on fractionation of plagioclase, 
clinopyroxene and olivine. The calculated patterns for models based on 
between 5 and 50% fractionation of plagioclase, clinopyroxene and olivine 
in the ratio of 2:3:5 are very similar to the observed patterns. The 
major difference between the observed and calculated patterns is the 
lack of a slight Eu anomaly in the observed patterns. This discrepency, 
however, may not be significant. The partition coefficient for Eu in 
plagioclase is strongly dependent on oxygen fugacity (Drake, 1975). The 
upper zone of the intrusion crystallized at an oxygen fugacity (-log) of 
between 11.5 and 12.5 (Section 4.3.3) which corresponds to a partition 
coefficient of between 0.8 and 1.0 (Irving, 1978). Calculated trace 
element patterns shown in Figure 7-1 are based on K° = 1.0 but if the 
patterns are calculated with K a = 0.8 the magnitude of the Eu anomaly 
decreases and the differences between observed and calculated patterns 
are reduced. These data indicate that the rocks of the upper part of 
the intrusion could have been produced by fractionation of plagioclase, 
olivine and clinopyroxene from the parental magma.
Removal of solid plagioclase, clinopyroxene and oliviue from the 
parental magma to form the rocks of the upper part of the intrusion 
necessitates the addition of these phases to the lower part of the 
intrusion. Numerous different trace element patterns could be cal­
culated by changing the values in the equation for the process but the 
trace element data for the upper part of the intrusion suggest between 5 
and 50% fractionation of plagioclase, clinopyroxene and olivine. Hence,
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the process is modelled on the basis of 30% fractionation of these 
phases in the ratio of 2:3:5 (Fiq. 7-3). Strong similarities exist 
between the observed patterns for the rocks of the lower part of the 
laccolith (Fiq. 7-1) and the calculated patterns (Fig. 7-3). Hence, the 
trace element data for the layered laccolith are consistent with both 
formation of the rocks of the upper part by removal of plagioclase, 
clinopyroxene and olivine from the parental magma by crystal settling 
and the consequential formation of the rocks of the lower part of the 
intrusion by addition of crystallized plagioclase, clinopyroxene and 
olivine to the parental magma.
Integration of all available petrographic and major and trace 
element data indicates that the variation observed in the layered 
laccolith of the Coonemia Complex is consistent with a single injection 
of magma followed by between 5 and 50% fractionation of plagioclase, 
clinopyroxene and olivine.
7.3 MILTON COMPLEX
Scarcity of outcrop precludes the establishment of the degree and 
extent of vertical and lateral variation in the layered stock at Milton 
but sufficient data are available to make some inferences about the 
relationships between the various rock types in the Milton Complex. No 
chilled margins have been recognized in the layered intrusion of this 
complex and the rock type with the smallest grain size (porphyritic 
micromonzonite) has sharp, transgressive contacts with the porphyritic 
monzonite. These data indicate that the layering in the intrusion is 
the result of multiple injection rather than the product of a single 
injection of magma followed by in situ differentiation. The com­
position of the parental magma is unknown but relationships between the 
three rock types can be modelled on the basis of the observed total-rock
and mineral chemistry
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Phenocrystic phases in the rocks of the complex are plagioclase, 
clinopyroxene, olivine and titanmagnetite. Input data used for the 
modelling of the fractionation process on the basis of major element 
geochemistry are given in Table 7—5 and the results of the computations 
are summarized in Table 7—6« The maximum SiO^ content of the three rock 
types is 54,58% and the maximum sum of squares of differences for a 
feasible model is taken as 3.00, On the basis of these data, the 
porphyritic micromonzonite could have been derived from the porphyritic 
monzonite by fractionation involving any of the 15 combinations of the 
four fractionating phases. Derivation of the monzonite directly from 
the porphyritic monzonite is feasible for only three models whereas four 
models are feasible for production of the monzonite from the porphyritic 
micromonzonite•
Trace element patterns for the porphyritic micromonzonite and the 
monzonite (Fig. 7-4) have negative Eu anomalies and they are enriched in 
REE relative to the porphyritic monzonite. Sc contents are similar in 
all three rock types and the Co contents of the porphyritic micro­
monzonite and porphyritic monzonite are similar whereas the monzonite is 
relatively depleted in this element. Patterns for the porphyritic 
monzonite and monzonite are parallel for elements with atomic numbers 
between La and Lu and with the exception of the Eu anomaly, they are 
similar to the patterns for some of the rocks in the upper zone of the 
Coonemia Complex. On the basis of similar lines of reasoning to those 
used for the interpretation of the trace element patterns for the rocks 
of the Coonemia Complex, the dominant fractionating phases in the Milton 
Complex are plagioclase, clinopyroxene and olivine. Comparison between 
the observed trace element pattern (Fig. 7-4) and the calculated
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patterns for fractionation of plagioclase, clinopyroxene and olivine in 
the ratio of 4:3:3 respectively (Fig. 7-5) indicates that the por- 
phyritic micromonzonite could have been derived from the porphyritic 
monzonite by approximately 20% fractionation of these phases whereas 
production of the monzonite would have required approximately 30% 
frac tionation.
Fractionation models based on major element data are not entirely 
consistent with models based on trace element data. Direct derivation 
of the monzonite from the porphyritic monzonite by fractionation of 
plagioclase, clinopyroxene and olivine is unlikely on the basis of the 
high value (7. 3463; Table 7-6) for the sum of squares of differences 
between the calculated and observed major element compositions, but the 
same model is feasible on the basis of the trace element contents. The 
major element data, however, do accord with fractionation of the 
porphyritic monzonite to produce the porphyritic micromonzonite which in 
turn fractionates to produce the monzonite. Trace element data can be 
used to evaluate the plausibility of this two stage model. If the 
fractionating phases are plagioclase, clinopyroxene and olivine in the 
ratio of 4:3:3, the close agreement between the observed and calculated 
trace element patterns (Fig. 7-6) indicates that 20% fractionation of 
these phases from the porphyritic monzonite would produce the por­
phyritic micromonzonite and 10% fractionation of these phases from this 
derivative would give rise to the monzonite.
The available petrographic, total-rock and mineral-chemistry data 
thus indicate that observed relationships between the rocks types of the 




The Termeil Complex does not include a layered intrusion but 
possible genetic relationships between the basalt and monzogabbro of the 
complex can be modelled on the basis of both major and trace element 
data. Phenocrystic phases in the basalt are plagioclase, clino- 
pyroxene, olivine (as pseudomorphs) and titanmagnetite and these 
minerals are used as the fractionating phases in the models. Input data 
for models based on major element geochemistry are given in Table 7-7 
and the resultant sums of squares of differences based on these data are 
summarized in Table 7-8. The maximum Si02 content of the rocks of the 
complex is 50.83% and the maximum value for the sum of squares of 
differences for a realistic fractionation model is taken as 2.70.
Models based on all possible combinations of the four fractionating 
phases are feasible for the derivation of the monzogabbro from the 
basalt and vice versa. The lack of marked enrichment or depletion of 
trace elements when the basalt is normalized to the monzogabbro 
(Fig. 7-7) indicates that the degree of crystal fractionation is small 
(<10%). This low magnitude coupled with the analytical errors associated 
with the data precludes detailed assessment of the identity and relative 
amounts of the fractionating phases. Lack of a marked Co anomaly, 
however, indicates that fractionation of titanmagnetite is unlikely.
The combination of the results of fractionation models based on 
both major and trace element data indicates that the basalt and the 
monzogabbro are related by small degrees of fractionation of one or more 
of the minerals plagioclase, clinopyroxene and olivine.
7.5 EXTRUSIONS
The nine shoshonitic extrusions of the upper Shoalhaven Group and 
the lower Illawarra Coal Measures are related in time, space and
petrography and are possibly related by fractionation The parental
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magma for the nine flows is unknown but possible relations between these 
units can be modelled on the basis of observed total-rock and mineral 
chemistry. Phenocrystic phases comprise plagioclase, clinopyroxene, 
Fe-Ti oxide, and pseudomorphs after olivine and these four minerals 
constitute the likely fractionating phases. Input data for models based 
on major element geochemistry are given in Table 7-9 and the resultant 
sums of squares of differences for all 1080 combinations of the four 
fractionating phases and nine flows are summarized in Table 7-10. The 
maximum SiO^ content of the nine flows is 59.83% which leads to a 
maximum value of 3.50 for the sum of squares of differences for a 
realistic fractionation model.
Numerous models are possible for relating the nine flows. If all 
four phenocrystic phases are taken as the fractionating phases, major 
element data are in accord with derivation of almost any of the nine 
flows from any of the other eight flows (Table 7-10). The only three 
exceptions to this generalization comprise derivation of the Cambewarra 
Latite from the Berkley Latite and vice versa, and the derivation of the 
Five Islands Latite from the Calderwood Latite. The other 14 possible 
combinations of the four phenocrystic phases provide numerous plausible 
models for the derivation of the various flows by crystal fractionation. 
Table 7-11 summarizes the results of the least-squares mixing models by 
listing the most evolved flow (in terms of SiO^ we^ t %) smd anY 
restrictions placed on the derivation of this flow. For example, if 
plagioclase and clinopyroxene are taken as the fractionating phases, the 
Five Islands Latite must be derived from the Bumbo Latite which, on the 
basis of the major element data, cannot be derived from any of the other 
flows. Hence relationships between the nine flows cannot be explained 
in terms of fractionation of plagioclase and clinopyroxene only. This
-99-
does not preclude fractionation of plagioclase and clinopyroxene only as 
being the major mechanism in linking some of the flows. For example, 
fractionation of these two minerals is feasible for linking the 
Minumurra Latite to the Blow Hole, Berkley, Dapto, Saddleback and 
Calderwood Latites (Table 7-10) and fractionation of all four pheno- 
crystic phases from any of these six flows is feasible for the pro­
duction of the other three flows. This is only one of numerous 
examples,
One constraint imposed by the major element data is that only five 
of the possible 15 combinations of the four phenocrystic phases are 
feasible for the production of the most evolved flow (Cambewarra 
Latite Member), These five combinations comprise fractionation of all 
four phenocrystic phases; fractionation of plagioclase, clinopyroxene 
and olivine; fractionation of plagioclase, olivine and Fe-Ti oxide; 
fractionation of plagioclase, clinopyroxene and Fe-Ti oxide; and 
fractionation of plagioclase and olivine. Thus the major element data 
Require fractionation of plagioclase and at least one other phenocrystic 
phase for the derivation of this flow.
Numerous examples of feasible models for the derivation of any 
particular flow by fractionation of one or more of the observed 
phenocrystic phases could be cited. The important implication of the 
least-squares mixing calculations is that the observed major element 
data do indicate that it is feasible to relate the nine flows by 
fractionation of the observed phenocrystic phases.
Trace element patterns for the Late Permian extrusions normalized 
to the most basic flow (Minumurra Latite Member) are given in Figure 7-8. 
The REE patterns for all rock types are essentially parallel with
negative Eu anomalies and negligible to minor fractionation of the
-1 OO-
elements. In addition, the relative enrichment in the total REE content 
and the magnitude of the Eu anomaly tends to increase from basic to 
intermediate rock types. The Sc and Co data are slightly erratic but, 
in general, Sc is relatively enriched in all rock types except the 
Berkley Latite Member and the Co content changes from being similar to 
the Minumurra Latite Member in the basalts to being relatively depleted 
in the Five Islands and Cambewarra Latite Members.
The Eu anomaly is indicative of fractionation of plagioclase and 
the lack of fractionation of other REE is characteristic of fraction­
ation of olivine and clinopyroxene. Lack of an appreciable Co anomaly 
precludes titanmagnetite as an important fractionating phase. Compar­
ison with a variety of calculated trace element patterns shown in Figure 
7-2 indicates that the observed patterns could be produced by fraction­
ation of plagioclase, olivine and clinopyroxene. In particular, two 
calculated patterns based on fractionation of plagioclase, clinopyroxene 
and olivine in the ratio of 4:2:4 and 5:1:4 respectively show many 
similarities to the observed patterns. The observed patterns for the 
basalts and two of the basaltic andesites (Bumbo and Calderwood Latite 
Members) suggest relatively low (<20%) degrees of fractionation of these 
minerals whereas the pattern for the most evolved basaltic andesite 
(Five Islands Latite Member) suggests a slightly higher (25-30%) degree 
of fractionation of these phases. The andesite is much more evolved 
than any of the other flows and the observed trace element pattern 
suggests approximately 40% fractionation of plagioclase, clinopyroxene 
and olivine from the most basic flow in the sequence.
The parental magma for the nine extrusions is unknown but on the 
basis of the combined petrographic, major element and trace element data 
the relationships between the extrusions can be explained in terms of
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fractionation of the observed phenocrystic phases* Major element data 
accord with numerous models for the derivation of one flow from another 
but these data do suggest fractionation of plagioclase and at least one 
other mineral for the derivation of the andesite. Trace element data 
suggest fractionation of plagioclase, clinopyroxene and olivine and are 
in agreement with many of the models based on major element data.
The relative volumes of the original extrusive magmas would be 
useful for testing the plausibility of the various fractionation models. 
The only volumetric data, however, which can be calculated are based on 
current outcrop patterns and these are not considered to be a true 
reflection of the volumes of the rock types at the time of eruption for 
the following reasons:
(a) Outcrops of the nine extrusions represent only a small remnant 
of the original outcrops of these units and the rate of erosion 
has not necessarily been uniform for all extrusions.
(b) The prominent occurrence of volcaniclastic material in the 
sedimentary strata of the upper part of the Shoalhaven Group, 
including the Westley Park Sandstone Member, and throughout the 
Illawarra Coal Measures suggests that some extrusive and pyro­
clastic units have been removed from the stratigraphic record 
by reworking.
(c) No allowance can be made for genetically related magmas which 
were emplaced below the Late Permian landsurface.
Hence relative volumes of rock types based on present outcrop volumes
have not been used to evaluate the various fractionation models
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7.6 SUMMARY
Relationships between the extrusions and between the various rock 
types in the intrusive complexes can be modelled on the basis of major 
and trace element data. The likely fractionating phases are the 
phenocrystic minerals which almost invariably comprise plagioclase, 
clinopyroxene, olivine (or its pseudomorphs) and titanmagnetite•
By far the most informative intrusive complex for the elucidation 
of the fractionation process is the Coonemia Complex vtfiere the layered 
laccolith consolidated as a single cooling unit in its present position 
and the layering has resulted from fractionation of a parental magma 
which is now represented by the border zones. Integration of all 
available petrographic and major and trace element data indicates that 
the observed variations in the layered intrusion can be explained by 
fractionation of plagioclase, clinopyroxene and olivine. In particular, 
the observed data are consistent with formation of the rocks in the 
upper part of the intrusion by removal from the parental magma of 
between 5 and 50% of plagioclase, clinopyroxene and olivine in the ratio 
of 2:3:5 respectively and the consequential formation of the rocks in 
the lower part of the intrusion by addition of crystallized plagioclase, 
clinopyroxene and olivine to the parental magma.
A layered intrusion also occurs in the Milton Complex but the 
composition of the parental magma is unknown and the layering is the 
result of multiple injection rather than fractionation subsequent to a 
single injection of magma. In spite of these uncertainties, possible 
relationships between the rock types in the complex can be modelled on 
the basis of major and trace element compositions and the available data 
accord with the three rock types being related by fractionation of 
plagioclase, clinopyroxene and olivine in the ratio of 4:3:3. The major
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element data suggest a two stage process whereby fractionation of the 
porphyritic monzonite produces the porphyritic micromonzonite which in 
turn fractionates to produce the monzonite. In contrast, the Termeil 
Complex does not contain a layered intrusion and only small degrees 
(<10%) of fractionation of one or more of plagioclase, clinopyroxene and 
olivine are required to explain the observed petrography and trace and 
major element contents of the monzogabbro and basalt.
The parental magma for the nine shoshonitic extrusions is unknown 
but possible relationships between these flows can be modelled on the 
basis of total-rock and mineral chemistry. All 1080 combinations of 
the nine flows and the four phenocrystic phases have been computed and 
the major element data indicate numerous feasible ways to relate these 
flows by fractionation of the observed phenocrystic phases. Trace 
element data for the flows are more definitive for the recognition of 







Shoshonitic rocks have been recognized from a wide variety of 
geographic (Section 6.2) and tectonic settings. The generation of some 
shoshonitic rocks has been attributed to processes connected with 
subduction at an active continental margin (e.g. Dostal et al., 1977) 
in island arcs (e.g. Gill, 1970) whereas others occur in regions not 
associated with an active Benioff zone (e.g. Gest & McBirney, 1979).
The worldwide distribution of shoshonitic rocks and the striking 
similarities shown by the rocks from this diversity of regions implies 
that there may be common factors involved in their origin. However, 
this does not necessarily imply that the petrogenetic model proposed for 
one suite of shoshonitic rocks will be fully applicable to shoshonitic 
rocks from other regions. The diversity of tectonic settings for 
shoshonitic rocks indicates that such a proposition is highly unlikely. 
The implication, however, is that any model proposed for the petro- 
genesis of the shoshonitic province of the southern Sydney Basin must, 
in general terms, also be able to explain adequately the observed 
petrographic and geochemical features of shoshonitic rocks from other 
regions•
8.2 SOURCE REGION
The southern Sydney Basin is underlain by 40 km of continental 
crust and evidence for subduction in this region during the Late Permian 
appears to be absent. Hence the two end-member source regions for the 
Late Permian shoshonitic rocks are the lower crust and the mantle. 
Crustal contamination of a mantle-derived liquid must also be considered
as a possible method of producing the primary shoshonitic magma.
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8.2*1 The crust as the source region
The Late Permian extrusions of the southern Sydney Basin range from 
basic to intermediate with a maximum SiO^ content °f 60.64% (Section 
5.2.4, Table 5-11) and all of the intrusions are basic (Section 5.2.10). 
This occurrence of basic to intermediate rocks and the complete lack of 
acidic rocks suggests that the continental crust is an unlikely source 
region. Even complete fusion of average continental crust will produce 
a magma with the approximate composition of an orogenic andesite (Gill, 
1981) and cannot produce the basic members of the shoshonitic province. 
The only possibility is fusion of material much more basic than average 
continental crust. If the large-ion lithophile element concentrations 
observed in the Late Permian shoshonitic rocks are inherited from the 
source region and were not attained subsequent to magma generation (see 
Section 8.5) production of the shoshonitic magma from a basic lower 
crust is also unlikely. The high concentrations of large-ion lithophile 
elements in the shoshonitic rocks imply small degrees of partial melting 
whereas the major element compositions could be achieved only by 
relatively high degrees of partial melting of basic material. A mafic 
source in the crust also introduces the additional problem of requiring 
more heat to initiate magma generation than a less basic source in this 
region.
A general model for generation of shoshonitic magmas in the crust 
certainly is unlikely. Continental crust does exist in most regions 
where shoshonitic rocks have been recognized but it is absent in Viti 
Levu, Fiji (Gill, 1970) where members of the island-arc tholeiite, 
calcalkaline and shoshonitic series are developed. Even where shoshon­
itic rocks are associated with thick continental crust, the isotopic 
data do not accord with crustal derivation. Shoshonitic rocks in
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Namibia (Watters, 1982) and the Andes (Dostal et al., 1972) are 
developed on relatively thick continental crust but Sr isotopic data 
negate significant crustal contributions to the shoshonitic magmas.
The available data for the Late Permian shoshonitic rocks from the 
southern Sydney Basin are not definitive in eliminating the crust as a 
possible source region but necessitate a source composition far removed 
from average continental crust. Coupled with the evidence for shoshon­
itic rocks from other regions, the data do suggest that derivation of 
these magmas by partial melting of continental crust is highly unlikely.
8.2.2 The mantle as the source region
Objections against the crust as a potential source region are not 
applicable to the mantle region. The magmas for the most mafic rocks of 
the Late Permian petrographic province could be mantle derived and 
derivation from an ultramafic source does not necessitate high degrees 
of partial melting. Furthermore, the absence of continental crust in 
Fiji, and the isotopic data from Namibia and the Andes support the case 
for a mantle source region for at least some shoshonitic magmas.
. If the Late Permian rocks of the southern Sydney Basin are the 
products of mantle-derived melts, the primary or derivative nature of 
the most basic rocks of the province must be ascertained. Two features 
are particularly relevant for the recognition of primary mantle-derived 
rocks. Equilibration of average mantle-derived magma with residual 
olivine in the compositional range of Fo^ ^  will yield melts with M- 
values of 69-73. The maximum M-value for the rocks of the Late Permian 
petrographic province is 57.6 (Section 5.2.9) which is indicative of a 
derivative magma. Partial melting of upper mantle will produce melts 
which will contain between 27 and 80 ppm Co, 90 to 670 ppm Ni and
between 15 and 27 ppm Sc and rocks with abundances at the high ends of
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these ranges can be inferred to have formed from primary magmas (Frey et 
al., 1978). The relatively low contents of these elements in the 
shoshonitic basalts, the Stockyard Mountain and Towradgi sills and in 
the most basic rocks of each of the intrusive complexes indicate that 
these rocks did not form from primary magmas and are the derivatives 
after 20 to 30% fractionation of early formed olivine, pyroxene and 
spinel.
8.2.3 Crustal contamination
Crustal contamination is used in the general sense and encompasses 
all processes whereby crustal derived material (liquid or solid) 
interacts with, and changes the composition of, a mantle-derived magma.
The occurrence of 40 km of continental crust beneath the Sydney 
Basin affords ample opportunity for at least some crustal contamination 
during the passage of a mantle-derived magma from the site of generation 
to the site of emplacement at, or near, the earth's surface. Large-ion 
lithophile elements are concentrated in the crust relative to the mantle 
and the relatively high contents of these elements in the shoshonitic 
rocks tends to suggest at least some crustal contamination. However, no 
definitive field, petrographic or geochemical evidence either for, or 
against, crustal contamination has been found during the present study.
Many arguments against a crustal source for shoshonitic rocks in 
general are equally applicable to the case against crustal contamin­
ation. In particular, the absence of continental crust in Fiji and Sr 
isotopic data for Namibia and the Andes indicates that no significant 
crustal interaction with shoshonitic magmas has occurred in these 
regions. Moreover, where shoshonitic rocks do occur in regions with 
continental crust, no correlation exists between the thickness of this 
crust and the concentration of incompatible elements. Data summarized 
in Section 6.2 indicate that the Fijian shoshonitic basalts are
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distinctive and have the lowest REE contents of samples from all 
regions. It is tempting to infer that the combination of low REE
contents and the lack of continental crust may be evidence in support of 
derivation of the high large-ion lithophile element contents of 
shoshonitic rocks from crustal material but the implication is not 
supported by data from other regions. For example, the shoshonitic 
Andean basalts which were emplaced after passage through a thick 
continental crust have relatively low REE contents whereas shoshonitic 
basalts from Stromboli have the highest REE contents for this rock type 
(Section 6.2.2, Table 6-4) and were emplaced in a region of relatively 
thin continental crust.
8.3 REE MODELS FOR THE SOURCE COMPOSITION
On the basis of the data and discussion presented in Sections 8.2.1 
to 8.2.3 the mantle appears to be the most likely source region for the
rocks of the Late Permian petrographic province but the available data 
for these rocks do not exclude the possibility of some crustal contam­
ination of a mantle-derived magma. In the general case for shoshonitic 
rocks, however, crustal contribution appears to be absent or minimal 
even in regions where substantial thicknesses of continental crust exist.
REE are very sensitive indicators of petrogenetic processes and can 
be used to place constraints on the composition of the mantle source 
region. Fractional fusion and batch melting are the two end-member 
models for partial melting and the behaviour of REE during both 
processes can be modelled on the basis of eguations derived by Shaw 





and the equation for batch melting may be written as
£i = i
C0 D + F (1 -P )
-no­
where = concentration of an element in the liquid
C = initial concentration of element in the systemo
F = fraction of melt
D = bulk partition coefficient and is given by
D = xaKa+ X^K^+..... where X is the weight fraction of
phase a, Ka is the mineral/liquid partition coefficient 
for phase a,
P = coefficient for proportions of minerals contributing
to the melt and is given by P = p0Ka+ p®K®+ ...... where
p° is the fraction of liquid contributed by phase a 
during melting*
Both processes will be considered in the following discussion although 
the batch melting model is probably the more realistic geologically and 
assumes equilibrium between the melt and residual phases whereas 
fractional fusion requires continuous and complete removal of small 
fractions of melt.
Table 8-1 summarizes the partition coefficients used in the present 
study. The REE content of the source region was taken as twice that of 
chondrites (Haskin et al., 1966) and the source compositions and melting 
proportions are from Nicholls et al. (1980) and Nicholls & Harris (1980). 
On the basis of all of these data, the REE patterns of melts produced by 
various degrees of partial melting of four upper mantle sources have 
been calculated and are shown in Figure 8-1.
Subsequent fractionation of early formed olivine, pyroxene and 
spinel from these melts can be modelled by the equation used previously 
for low pressure fractionation (Section 7.1). Due to the low partition 
coefficients of the REE in olivine, pyroxene and spinel, early separ­
ation of these phases leads to an increase in the overall REE content of 
the melt but does not have a marked effect on the REE pattern.
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Comparison of the calculated REE patterns (Fig, 8-1 ) with the 
observed patterns for the most basic extrusions (Fig. 5-3) and the most 
basic rocks in each of the intrusive complexes (Figs. 5-13, 5-18, 5-21, 
5—25, 5-27) indicates that the rocks of the Late Permian petrographic
province could not have been derived by partial melting of a garnet­
bearing assemblage (i.e. eclogite or garnet lherzolite). The REE 
Pa*-t-err,s for magmas produced by either batch or fractional melting of 
eclogite are much steeper and more depleted in the heavy REE than the 
observed REE patterns. A similar argument applies for all modelled 
degrees of fractional melting and for low degrees (<10%) of batch 
siting of garnet lherzolite. Derivation of a parental shoshonitic 
magma by higher degrees of batch melting of garnet lherzolite is also 
unlikely. The modelled REE pattern for 20% batch melting is almost 
unfractionated whereas the liquid derived by 15% melting is too depleted 
in REE. Extensive fractionation of early formed olivine, pyroxene and 
spinel from this liquid does not solve the problem. Fractionation of as 
much as 50% of these phases can only enrich the liquid in REE by a 
maximum factor of 2 whereas enrichment of more than 6 times the light 
REE and 3 times the heavy REE is required to produce the observed REE 
patterns. In addition the observed patterns are much more fractionated 
than the calculated patterns. Fractionation of lesser, but more 
realistic, amounts of olivine, pyroxene and spinel only increases the 
difference between the calculated and observed REE patterns.
Very low (<5%) degrees of partial melting of amphibole lherzolite, 
followed by high pressure fractionation, can produce the observed heavy 
REE pattern but the calculated La, Ce and Sm values are lower than the 
observed values by a factor of at least two. Close agreement between 
the calculated (Fig. 8-1) and observed REE patterns (Figs 5-3, 5-13,
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5-18, 5-21 , 5-25, 5-27) can be achieved on the basis of this model only
if the source region has about four times chondrite values for the 
light (La, Ce) and medium (Sm) REE and twice chondrite values for the 
heavy REE (Yb, Lu). The very low degrees of partial melting coupled 
with the requirement that the source region is enriched in light and 
medium REE to the same extent suggest that this model is geologically 
unlikely. Models based on more than 5% partial melting, followed by 
high pressure fractionation, produce liquids which are too low in all 
REE for amphibole lherzolite to be a viable proposition as the source 
material.
Between 10 and 15% batch and fractional melting of spinel lher­
zolite produces a liquid which upon subsequent fractionation of 20 to 
30% early formed olivine, pyroxene and spinel matches the heavy REE 
patterns observed for the shoshonitic rocks. Lower and higher degrees 
of partial melting, coupled with the high pressure fractionation, 
produce heavy REE contents which are above and below the observed 
assemblages respectively. The observed contents of La and Ce for the 
most basic rocks of the province (Towradgi dolerite and Termeil basalt) 
are about three times the calculated values for 10 to 15% melting and 20 
to 30% fractionation whereas the Sm value is slightly less than twice 
the calculated values. Other basic rocks of the province contain up to 
six times the calculated La and Ce contents and up to about three times 
the calculated Sm content. This model of 10 to 15% partial melting of 
spinel lherzolite followed by 20 to 30% high pressure fractionation 
can be applicable only if the source region is enriched in light REE 
by three to six times the values used in the calculation (i.e. the 
source must have a light REE content of 6 to 12 times chondrite values) 
and must also be slightly enriched in the medium REE (Sm values four to
six times chondrites)
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8,4 LATE PERMIAN SHOSHONITIC ROCKS IN EASTERN AUSTRALIA
The only Late Permian rocks from eastern Australia which are 
documented in the published literature as members of the shoshonite 
series are those from the southern Sydney Basin. An appraisal of the 
available literature, however, indicates that Late Permian shoshonitic 
igneous activity is not confined to the region of the southern Sydney 
Basin.
A temporal correlation between the Late Permian igneous activity in 
the southern Sydney Basin and the intrusion of part of the New England 
Batholith was noted by Leitch (1969). In addition to this contemp­
oraneity some rocks of the batholith have shoshonitic affinities as is 
indicated by an appraisal of the data presented by Chappell (1978) and 
Shaw & Flood (1981). The New England Batholith was emplaced during two 
major periods of plutonism, the first produced S-type granitoids during 
the Late Carboniferous and the second produced I-type granitoids during 
the Late Permian and Early Triassic (Shaw & Flood, 1981). Emplacement 
of the earliest I-type plutons occurred approximately 255 m.y. ago and 
is synchronous with the emplacement of the Late Permian shoshonitic 
rocks in the southern Sydney Basin. Shaw & Flood (1981) have subdivided 
the I-type granitoids into four groups comprising the Clarence River, 
Moonbi and Uralla Plutonic Suites and an unnamed group of leuco- 
adamellites. Most of the I-type plutons were emplaced early in the 
intrusive phase but the leucoadamellites were emplaced late and the 
rocks of this intrusive period show a progression to increasingly 
leucocratic types. The most mafic rocks of the Moonbi Plutonic Suite 
are monzonites (Inlet C^artz Monzonite of Chappell, 1978) and are 
characterized by high K^O, Sr and ratio of ferric to ferrous iron and
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have a shoshonitic REE pattern (Shaw & Flood, 1981), i.e. the character­
istic features of shoshonites (cf. Table 6-1). The intrusion of 
shoshonitic rocks during the early stages of batholith emplacement is 
not restricted to the New England region. Plutons of alkali-rich magmas 
with high concentrations of large-ion lithophile elements have also been 
reported from the coastal batholiths of North America and Peru (Miller, 
1977, 1978) and shoshonitic plutons were emplaced early in the history 
of the Ballons plutonic complex, France (Pagel & Leterrier, 1980).
Shoshonitic rocks which are probably Late Permian in age have also 
been recognized in northeastern Tasmania (Baillie, 1983). The 
Parmeener Super-group comprises a sequence of marine and freshwater 
sedimentary strata but stratigraphic drilling in the Musselroe Bay 
region of northeastern Tasmania has revealed the presence within the 
Late Permian succession of intrusions and possible extrusive basalts. 
The petrography and geochemistry of these igneous rocks is character­
istic of shoshonitic rocks (Baillie, 1983).
The presence of Late Permian shoshonitic rocks in New England and 
Tasmania indicates that the rocks of the Late Permian petrographic 
province of the Sydney Basin are not an isolated occurrence but are the 
result of a widespread Late Permian phase of shoshonitic igneous 
activity.
8.5 MAGMA GENERATION AND PROCESSES OF ENRICHMENT OF
LARGE-ION LITHOPHILE ELEMENTS
If crustal contamination of a mantle-derived liquid was minimal or 
non-existent, the high concentration of large-ion lithophile elements in
the shoshonitic rocks of the southern Sydney Basin must be inherited
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from the source region. Various authors have proposed that the source
region for shoshonitic magmas is enriched in these elements (e.g.
Manetti et al •, 1979) and the mechanisms invoked for the enrichment
process are of two maini type s. In regions where the presence of an
active Benioff zone has been established, most authors favour the
Nicholls & Ringwood (1973) model whereby the mantle is enriched in 
incompatible elements by reaction with acidic alkali-rich liquids 
produced by the melting of the subducted oceanic slab. Regions in
which this model has been invoked include the Andes (Dostal et al., 
1977), Stromboli (Dupuy et al., 1981) and Southern Latium (Civetta et 
al., 1981). A variation on this model was alluded to by Katili (1975) 
and was developed by Johnson et al. (1978) for the New Guinea region
and involves the same enrichment process but during an earlier
subduetion event.
The other major mechanism proposed for the enrichment of the large- 
ion lithophile elements in shoshonitic rocks is by the process of zone 
refining in the source region (e.g. Cosgrove, 1972? Mackenzie &
Chappell, 1972). The mechanism of zone refining appears to be applic­
able to almost any tectonic regime. The only requirement is the 
production of a relatively small quantity of melt which by slow passage 
through the surrounding solid will become enriched in incompatible
elements. Such a mechanism appears to be applicable to virtually every 
case where enrichment of large-ion lithophile elements is required and 
it is a possibility for the enrichment of incompatible elements in the 
Late Permian of the southern Sydney Basin. This igneous activity, 
however, is only part of a much more widespread episode of plutonism and 
volcanism and an explanation for the cause of this contemporaneous 
partial melting is required.
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A possible explanation for the widespread extent of this episode of 
igneous activity is provided by an examination of the available data for 
the tectonic setting for the New England-Sydney Basin-Tasmanian region 
during the Late Permian. Reconstructions of eastern Australia are 
diverse (Runnegar & Campbell, 1976) but most authors place the Permian 
continental margin east of the present margin and incorporate part of 
New Caledonia and New Zealand into the Pacific edge of the Gondwana 
plate which functioned as an active continental margin throughout much 
of the Palaeozoic (Craddock, 1975).
No evidence in support of a Late Permian Benioff zone along the 
eastern margin of Gondwanaland has been published but evidence for an 
active Benioff zone earlier in the Palaeozoic is available. The 
tectonic setting of the New England area throughout the Late Carbon­
iferous and Early Permian has been well documented (Cawood, 1982) and 
the essential tectonic element was a westerly dipping subduction zone 
which was active during this time. The occurrence of a westerly dipping 
subduction zone in New Zealand during the Early Permian has also been 
established (Williams & Smith, 1979). The precise location of New 
Zealand in the predrift reconstruction of Gondwanaland is uncertain but 
all authors place it to the south and east of the Australian continent 
(e.g. Crook & Feary, 1982). On the basis of the geometry of a westerly 
dipping Benioff zone in New England and New Zealand during the Early 
Permian, it appears likely that a westerly dipping subduction zone was 
also active at depth in the region of the Sydney Basin during the Early 
Permian. This model is in accord with the model proposed by Mayne et 
al. (1974) in which the Sydney Basin was part of the sediment trap which 
lay between the mainland of older rocks and a volcanic arc formed above
a subduction zone
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Shaw & Flood (1981) have proposed that the origin of the Late 
Permian and Triassic plutons in New England may be related to over­
thrusting that occurred in the Early Permian and/or a temperature 
increase in the lower crust due to the recovery of normal geotherms
following the cessation of subduction. The Early Permian overthrusting 
did not extend to the southern Sydney Basin but the model based on the 
recovery of normal geotherms is applicable to the origin of the rocks of 
the Late Permian shoshonitic province. The pre-Late Permian subduction 
event may have been responsible for two aspects important to the 
generation of these rocks: (i) depression of the geotherms; and (ii)
enrichment of the overlying mantle wedge in large-ion lithophile 
elements and water. Subsequent to the cessation of subduction the
geotherms would have reverted to a normal configuration and produced a 
net increase in temperature in the modified mantle wedge. This increase 
in temperature coupled with the lowering of the solidus by the intro­
duced water may have initiated partial melting and produced the 
shoshonitic rocks of the southern Sydney Basin.
The mantle modification model of Johnson et al. (1978) becomes 
applicable if the region of the southern Sydney Basin was underlain by a 
subducting slab during the Early Permian. This provides another
mechanism for the enrichment of large-ion lithophile elements in the
mantle. The zone refining and mantle modification models are not
necessarily mutually exclusive and the enrichment in incompatible 
elements in the rocks of the Late Permian petrographic province may be 
due to more than one cause.
The observed differences in the most mafic rocks of the province 
reflect compositional differences in the source region, or the degree of 
enrichment of incompatible elements in the source region, or the amount
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of fractionation of early formed olivine, pyroxene and spinel, or a 
combination of these processes,
8.6 SUMMARY
The rocks of the Late Permian shoshonitic province are underlain 
by 40 km of continental crust and their emplacement was not directly 
related to subduction. Possible source regions for these rocks are the 
crust and mantle. The available data for these Late Permian igneous 
rocks are not definitive in eliminating the crust as a possible source 
region but necessitate a source composition far removed from average 
continental crust. Coupled with the evidence for shoshonitic rocks from 
other regions, these data suggest that the crustal contribution to 
shoshonitic magmas is nil or minimal. The mantle is a viable source 
region for the shoshonitic rocks of the Sydney Basin and REE modelling 
on the basis of published partition coefficients and possible source 
compositions suggests that the primary shoshonitic magmas were generated 
by 10 to 15% partial melting of spinel lherzolite which had been 
enriched in incompatible elements. Subsequent to generation, these 
primary magmas underwent 20 to 30% fractionation of early formed 
olivine, pyroxene and spinel to produce the most mafic rocks of the 
province•
The occurrence of Late Permian shoshonitic rocks in New England and 
Tasmania indicates that the emplacement of the shoshonitic rocks in the 
southern Sydney Basin was part of a widespread episode of igneous 
activity. Reconstructions of the Pacific margin of Gondwanaland suggest 
that Early Permian subduction may have affected the Sydney Basin. This 
pre-Late Permian subduction episode provides a mechanism for the 
generation of larqe-ion lithophile enriched magmas by the introduction 
of water and incompatible elements into the mantle wedge overlying the
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Benioff zone. The depression of the solidus by the introduced vrater 
coupled with the increase in temperature caused by the reversion of the 
geotherms to a normal configuration subsequent to the cessation of 
subduction may have initiated partial melting and produced the shosh- 
onitic rocks. Zone refining is another viable mechanism for the 
enrichment of incompatible elements in the source region. The two 
models for enrichment of large-ion lithophile elements in the mantle 
source region are not mutually exclusive and the enrichment may be due 
to more than one process •
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The southern Sydney Basin contains Permian and Triassic marine 
and non—marine sedimentary strata which were subjected to four episodes 
of igneous activity between the Late Permian and the Late Oligocene. 
Extrusions and intrusions which were emplaced during the first episode 
this igneous activity form the basis of the present study and 
constitute a Late Permian shoshonitic province. Biostratigraphic, 
palaeomagnetic and K-Ar data confirm the age of the extrusions whereas 
the age of the intrusions is based on K-Ar data and spatial association 
with, and similarity in petrography and geochemistry to, dated rocks. 
K-Ar ages for the shoshonitic province range between 260 and 238 m.y. 
(Table 3-1). Statistical analysis of major element data for rocks which 
can be assigned a Permian or post-Permian age on the basis of strati­
graphic criteria, K-Ar data, palaeomagnetic studies or any combination 
of these methods indicates that the simple binary plot of SiO^ versus 
TiO^ is an effective discriminant between Permian and post-Permian 
igneous rocks in the southern Sydney Basin. Outcrops of the Late 
Permian shoshonitic province are confined to 140 km of the coastal 
region between Durras and Wollongong, but geophysical and sediment- 
ological data suggest extension of the province offshore from Wollongong 
for approximately 200 km to the northeast. Late Permian shoshonitic 
rocks also occur in New England and northeastern Tasmania, and these 
occurrences indicate that the petrographic province of the southern 
Sydney Basin resulted from a widespread phase of shoshonitic igneous 
activity which affected eastern Australia during this period.
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Perm i an sedimentary strata of the southern Sydney Basin comprise 
the Shoalhaven Group and the overlying Illawarra Coal Measures. 
Diversity of opinion concerning the number, and mode of emplacement, 
of Late Permian igneous rock-units in the Nowra-Wollongong region 
has been a major factor in the lack of agreement on the stratigraphic 
status and relationships between these units. Remapping by the 
author has clarified the stratigraphic nomenclature of the upper 
Shoalhaven Group and the lower Illawarra Coal Measures, and has resulted 
in the recognition of nine extrusive units in this stratigraphic 
interval (Table 2-1). The group name latite is incorporated into the 
formal stratigraphic name of each of these extrusive units, but on the 
basis of si°2 contents, the extrusions comprise five basalts, three 
basaltic andesites and an andesite (Table 4-1). Contemporaneous with 
the extrusive igneous activity was the intrusion of the Termeil, Milton 
and Coonemia Complexes, and small sills at Stockyard Mountain and 
Towradgi. The Termeil Complex consists of a stock of monzogabbro and 
related basalt dykes and sills, whereas the Milton Complex comprises 
monzonitic sills, and a layered monzonitic stock formed by multiple 
intrusion. The Coonemia Complex is composed of numerous dykes and sills 
and a layered laccolith of monzonite (upper zone) and porphyritic 
monzogabbro (lower zone) which was formed by in situ differentiation of 
a basic magma now represented by the upper and lower border zones.
All rocks of the Late Permian petrographic province contain 
plagioclase, K-feldspar, clinopyroxene, Fe-Ti oxide, and olivine which 
is almost invariably replaced by a variety of secondary minerals. In 
addition to the ubiquitous accessory apatite, the other primary minerals 
which occur in minor amounts in some samples are analcite, quartz and 
biotite. All extrusions and many rock types in the intrusions are
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porphyritic with phenocrysts comprising plagioclase (most abundant), 
clinopyroxene, pseudomorphs after olivine, and Fe-Ti oxide (least 
abundant). The groundmass of porphyritic rocks is holocrystalline, but 
some secondary minerals may represent devitrified glass. Phenocrystic 
plagioclase ranges from bytownite to andesine and it is generally 
slightly richer in An than the coexisting groundmass plagioclase 
(Fig» 4-29). Thin rims of K-feldspar occur on many phenocrysts of
plagioclase. Microperthite occurs in many of the intrusions whereas the 
K-feldspar polymorph in the extrusions is presumed to be sanidine. The 
only pyroxene in the rocks of the province is augite which lacks Fe 
enrichment and has a similar composition irrespective of the host rock 
type or its occurrence as phenocrysts or groundmass (Fig. 4-30). Fresh 
olivine is rare and has a composition of FoQ . Titanmagnetite is the 
only Fe-Ti oxide in most of the Late Permian igneous rocks, but this 
phase coexists with ilmenite in the upper part of the layered laccolith 
of the Coonemia Complex.
Rocks of the petrographic province exhibit a continuum of compo­
sitions which range from 48.40 to 60.64% si°2* Compared with most rocks 
of similar SiC>2 content, the Late Permian samples from the Sydney Basin 
are characterized by relatively low contents of Ti02 and compatible 
elements, and relatively high contents of incompatible elements and 
total alkalis, high ferric/ferrous iron ratio and variable but high 
Al20^. REE patterns show moderate fractionation and enrichment of light 
REE, and many samples have a slight to moderate negative Eu anomaly. 
Mafic rocks of the province range from Ne-normative to p-normative 
depending on the ferric/ferrous ratio used in the calculation but all 
are relatively evolved with a maximum M-value of 58.9 and a minimum DI 
of 27.0. Fe enrichment is absent whereas the Na O-CaO-K 0 plot 
indicates an antipathetic relationship between CaO and K^O (Fig. 5-31).
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Bo th the petrographic and geochemical data indicate the shosh- 
onitic affinities of the Late Permian petrographic province of the
southern Sydney Basin. Coexisting plagioclase and sanidine in the 
groundmass; sanidine rims on phenocryts of plagioclase; and augite 
which lacks Fe enrichment are all characteristic of shoshonitic rocks. 
Low contents of TiO^, contents of total alkalis and largeion
lithophile elements, high ratios of Fe_0 to FeO and K 0 to Na 0, and
the lack of Fe enrichment for all the rocks of the province are all
characteristic features of shoshonitic rocks (Table 6-1). Comparison of 
the geochemical data for shoshonitic rocks from a wide variety of
tectonic and geographic settings indicates that these rocks form a 
coherent group and that the rocks from the southern Sydney Basin are 
near the middle of the range of values for these data.
Regular variations in petrography and whole-rock geochemisty 
within each intrusive complex and between the extrusions suggest that 
the various rock types may be related by crystal fractionation. Lack of 
variation in the compositions of cores of plagioclase phenocrysts and 
the regular increase in Ab content of the rims of these phenocrysts with 
increasing height above the base of the layered laccolith of the 
Coonemia Complex indicates that this intrusion consolidated as a single 
cooling unit in its present position. Regular variations in modal
mineralogy and total-rock geochemisty support this interpretation. The 
overall decrease in the content of phenocrysts with increasing height in 
the lower and upper zones, together with the accompanying variation in 
total-rock chemistry suggest that the vertical layering may have 
resulted by fractionation of the observed phenocrystic phases from a 
basic magma which is now represented by the upper and lower border 
zones. Modelling on the basis of major and trace element chemistry
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mdicates that the observed data are consistent with formation of the 
rocks of the upper part of the layered intrusion by fractionation of 
between 5 and 50% plagioclase, clinopyroxene and olivine in the ratio of 
2:3:5 from the parental magma and the consequential formation of the 
rocks in the lower part of the intrusion by the addition of these three 
minerals to the parental magma. The parental magmas for the other 
intrusive complexes and for the extrusions are unknown, but possible 
*-®l^tions between the rocks within an intrusive complex and between the 
extrusions can be modelled on the basis of observed total-rock and 
mineral data. Fractionation models based on major element chemistry for 
the Milton Complex are not entirely consistent with the models based on 
trace element chemistry, but integration of all available data indicates 
that the observed relationships between the rock types of the complex 
can be explained by fractionation of plagioclase, clinopyroxene and 
olivine. The results of fractionation models based on both major and 
trace element data indicate that the basalt and monzogabbro of the 
Termeil Complex are related by small degress of fractionation (<10%) of 
one or more of plagioclase, clinopyroxene and olivine. Similarly, 
relationships between the extrusions can be explained by fractionation 
of the observed phenocrystic phases. Major element data accord with 
numerous models for the derivation of one flow from another but these 
data do suggest fractionation of plagioclase and at least one other 
mineral for the derivation of the andesite. Trace element data suggest 
fractionation of plagioclase, clinopyroxene and olivine and are in 
agreement with many of the models based on major element data.
Integration of the field, petrographic and geochemical data 
indicates that the upper mantle is the likely source region for the 
primary shoshonitic magmas. These data are not definitive in elim­
inating the interaction of crustal material in the magma genesis but a
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compilation of data for shoshonitic rocks from a wide variety of 
geographic and tectonic settings suggests that significant crustal 
contribution to the gensis of many shoshonitic rocks is highly unlikely. 
Modelling on the basis of published partition coefficients and possible 
source compositions suggests that the primary magmas for the Late 
Permian petrographic province of the Sydney Basin were generated by 10 
to 15% partial melting of spinel lherzolite which had been enriched in 
incompatible elements. The low contents of Co, Ni and Sc, and the low 
M-values for the most mafic rocks of the province indicate that these 
rocks are not the products of primary, mantle-derived melts but are the 
derivatives after fractionation of 20 to 30% early formed olivine, 
pyroxene and spinel. Generation of the primary shoshonitic magmas was 
not synchronous with subduction along a Benioff zone but reconstructions 
of the Pacific margin of Gondawanaland suggest that this eastern margin 
may have been affected by an Early Permian subduction event. This pre­
Late Permian subduction event may have been responsible for the 
depression of the geotherms and enrichment of the overlying mantle wedge 
in incompatible elements and water. The process of zone refining is 
another viable mechanism for the enrichment of incompatible elements in 
the mantle source region and the two models for enrichment of the 
elements are not mutually exclusive. Subsequent to the cessation of 
subduction, the geotherms would have reverted to a normal configuration 
and produced a net increase in temperature in the modified mantle wedge. 
This increase in temperature may have initiated partial melting and 
produced the shoshonitic rocks of the southern Sydney Basin. This model 
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Fig. 2-1. S i m p l i f i e d  g e o l o g i c a l  m a p  o f  th e  s o u t h e r n  S y d n e y  B a s i n  
s h o w i n g  the d i s t r i b u t i o n  of i g n e o u s  r o c k s .
W I N G E L L O K I A M A
F i q . 2-2. S c h e m a t i c  c r o s s - s e c t i o n  a c r o s s  the s o u t h e r n  S y d n e y  B a s i n  s h o w i n g  the s t r a t i g r a p h i c  r e l a t i o n s h i p s  
b e t w e e n  u n i t s .  M e s o z o i c  a n d  T e r t i a r y  i g n e o u s  r o c k s  h a v e  b e e n  o m i t t e d .  T h e  Five I s l a n d s ,  C a l d e r w o o d  a n d  




F i g .  2-3. G e o l o g i c a l  m a p  o f  th e  N o w r a - W o l l o n g o n g  r e g i o n  s h o w i n g  th e  
d i s t r i b u t i o n  of th e  L a t e  P e r m i a n  e x t r u s i o n s .  G e o l o g y  e x t e n s i v e l y  
m o d i f i e d  a f t e r  H a r p e r  ( 19 1 5 ) a n d  B o w m a n  ( 1 9 7 4 ) .
F i g .  2-4. L o c a l i t y  m a p  f o r  t h e  N o w r a - W o l l o n g o n g  r e g i o n .  S t a r s  i n d i c a t e  
l o c a t i o n s  o f  p o s s i b l e  v e n t s .
-1 43-
Fig. 2-5. Fence diagram showing the variation in thickness of the Blow
Hole Latite Member
1 44
Fig. 2-6. Large, b u l b o u s  p i l l o w - l i k e  s t r u c t u r e  in the B l o w  H o l e  L a t i t e  
M e m b e r .  H e i g h t  of s t r u c t u r e  is 6 m.






Fig. 2-8. Fence diagram showing the variation in thickness of the 
Bumbo Latite Member.
-1 46-
Fig. 2-9. Columnar jointing in the Bumbo Latite Member. Maximum 
exposed height of columns is 26.5 m.
Fig. 2-10. Contact between Kiama Sandstone Member and overlying Bumbo 
Latite Member. Scale divisions are 10 cm.
Fig. 2-11. Contorted bedding in inclusion of Kiama Sandstone Member in
Bumbo Latite Member
-1 47-
Fig. 2-12. Fence diagram showing the variation in thickness of the
Saddleback Latite Member.
- 1 4 8 -
Fig. 2-13. Fence diagram showing the variation in thickness of the
Dapto Latite Member
-1 49-
Fig. 2-14. G e o l o g i c a l  s k e t c h  m a p  o f  F l a g s t a f f  Hill s h o w i n g  the 
d i s t r i b u t i o n  o f  b o r e - h o l e s  an d  i n t e r p r e t e d  s u b s u r f a c e  r e l a t i o n s h i p s  in 
the D a p t o  L a t i t e  M e m b e r  (aft e r  Cook, 1966).
-1 50-
Fig. 2-15. Fence diagram showing the variation in thickness of the
Cambewarra Latite Member.
-1 51-
Fig. 2-16. Fence diagram showing the variation in thickness of the
Calderwood Latite Member
-1 52-
Fig. 2-17. Fence diagram showing the variation in thickness of the
Minumurra Latite Member.
-1 53-
Fiq. 2-18. Fence diagram showing the variation in thickness of the
Berkley Latite Member
-1 54-
F i g .  2-19. D i s t r i b u t i o n  o f  the i n t r u s i v e  c o m p l e x e s  in th e  s o u t h e r n  
Sydney B a s i n .
-155-
Fiq. 2 - 20. G e o l o g i c a l  s k e t c h  m a p  o f  the T e r m e i l  C o m p l e x
-1 56-
Fig. 2-21. G e o l o g i c a l  s k e t c h  m a p  o f  the M i l t o n  C o m p l e x
-157-
Fig. 2-22. L o c a t i o n  o f  d r i l l - h o l e s  a n d  i n t e r p r e t e d  s u b s u r f a c e  s h a p e  of 
the l a c c o l i t h  o f  the C o o n e m i a  C o m p l e x .  D a t a  f r o m  B e m b r i c k  & H o l m e s  
( 1 971).
-1 58-
Fig. 2 - 23. T o t a l  m a g n e t i c  i n t e n s i t y  fo r  N o w r a - J e r v i s  B a y  r e g i o n .  
C o n t o u r  i n t e r v a l  is 5 0  g a m m a s .  D a t a  f r o m  M a y n e  e t  a l . ( 197 4 ) .
-1 59-
Fig. 2-24. S t r u c t u r a l  c o n t o u r s  on the top of the S n a p p e r  P o i n t
F o r m a t i o n  in the J e r v i s  Ba y  r e g i o n .  D a t u m  is sea l e v e l  an d  c o n t o u r
i n t e r v a l  is 50 m. R e l a t i v e  l e v e l  on t op of S n a p p e r  P o i n t  F o r m a t i o n  for 
e a c h  d r i l l - h o l e  is i n d i c a t e d .  Data f r o m  B e m b r i c k  £ H o l m e s  (1971).
Fig. 2-25. I s o p a c h s  for the i n t r u s i o n  o n  the n o r t h e r n  s i d e  of J e r v i s  
Bay. I s o p a c h  i n t e r v a l  is 50 m. T h i c k n e s s  of i n t r u s i o n  for e a c h  d r i l l ­
h o l e  is i n d i c a t e d .  Data fr o m  B e m b r i c k  & H o l m e s  (1971).
-1 60-
Fig. 2-26. G e o l o g i c a l  s k e t c h  m a p  o f  the W o l l o n g o n g - B e l l a m b i  P o i n t  
region s h o w i n g  the l o c a t i o n  of the T o w r a d g i  d o l e r i t e  s i l l .
A G E  (m .y . )
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Fig. 3-2. H i s t o g r a m s  o f  c o m p o s i t i o n a l  f r e q u e n c y  of m a j o r  e l e m e n t  o x i d e s  
for P e r m i a n  a n d  p o s t - P e r m i a n  i g n e o u s  r o c k s  o f  the s o u t h e r n  S y d n e y  B a s i n .  
P e r m i a n  r o c k s  h a v e  c r o s s h a t c h i n g  n o r t h w e s t - s o u t h e a s t ;  p o s t - P e r m i a n  r o c k s  
have c r o s s h a t c h i n g  n o r t h e a s t — s o u t h w e s t •
-163-
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Fiq. 3-2 ( c o n t i n u e d ) .  H i s t o g r a m s  o f  c o m p o s i t i o n a l  f r e q u e n c y  of m a j o r  
e l e m e n t  o x i d e s  for P e r m i a n  a n d  p o s t - P e r m i a n  i g n e o u s  r o c k s  of the 
s o u t h e r n  S y d n e y  B a s i n .  P e r m i a n  r o c k s  h a v e  c r o s s h a t c h i n g  n o r t h w e s t -  
s o u t h e a s t ;  p o s t - P e r m i a n  r o c k s  h a v e  c r o s s h a t c h i n g  n o r t h e a s t - s o u t h w e s t .
-164-
Fiq. 3-2 ( c o n t i n u e d ) .  H i s t o g r a m s  o f  c o m p o s i t i o n a l  f r e q u e n c y  of m a j o r  
e l e m e n t  o x i d e s  for P e r m i a n  and p o s t - P e r m i a n  i g n e o u s  r o c k s  of the 
s o u t h e r n  S y d n e y  B a s i n .  P e r m i a n  r o c k s  h a v e  c r o s s h a t c h i n g  n o r t h w e s t -  
s o u t h e a s t ;  p o s t - P e r m i a n  r o c k s  ha v e  c r o s s h a t c h i n g  n o r t h e a s t - s o u t h w e s t .
-165-
Fig. 3-2 
e l e m e n t  
s o u t h e r n  
s o u t h e a s t
Wt %
( c o n t i n u e d ) .  H i s t o g r a m s  o f  c o m p o s i t i o n a l  f r e q u e n c y  of m a j o r  
>xides for P e r m i a n  and p o s t - P e r m i a n  i g n e o u s  r o c k s  of the 
S y d n e y  B a s i n .  P e r m i a n  r o c k s  h a v e  c r o s s h a t c h i n g  n o r t h w e s t -  
p o s t  - P e r m i a n  r o c k s  h a v e  c r o s s h a t c h i n g  n o r t h e a s t - s o u t h w e s t .
-1 66-
Fig. 3-2 ( c o n t i n u e d ) .  H i s t o g r a m s  o f  c o m p o s i t i o n a l  f r e q u e n c y  of m a j o r  
e l e m e n t  o x i d e s  for P e r m i a n  and p o s t - P e r m i a n  i g n e o u s  r o c k s  o f  the 
s o u t h e r n  S y d n e y  B a s i n .  P e r m i a n  r o cks ha v e  c r o s s h a t c h i n g  n o r t h w e s t -  
s o u t h e a s t ;  p o s t - P e r m i a n  rocks have c r o s s h a t c h i n g  n o r t h e a s t - s o u t h w e s t .
o
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Piq. 3-3. SiO versus TiO^ for Permian and post-Permian iqneous rocks. Permian rocks are represented by 
dots; post-Permian by open circles; suspected Permian by open triangles.
1 67-
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Fig. 3-4. A F M  an d  N a 20 - C a 0 - K 20  p l o t s  for P e r m i a n  and p o s  t - P e r m i a n  




F i g . 4-1 . C l i n o p y r o x e n e  c o m p o s i t i o n s  fo r  s h o s h o n i t i c  b a s a l t s .
WoA
Fig. 4-2. Compositional zoning in a single clinopyroxene grain in a
s h o s h o n i t i c  b a s a l t
-1 70-
PHENOCRYST




Fiq. 4-4. C l i n o p y r o x e n e  c o m p o s i t i o n s  for s h o s h o n i t i c  b a s a l t i c  a n d e s i t e s .
• PHENOCRYST







Fig. 4-6. C l i n o p y r o x e n e  c o m p o s i t i o n s  f or the s h o s h o n i t i c  a n d e s i t e .
An





Fig. 4-8. C l i n o p y r o x e n e  c o m p o s i t i o n s  fo r  the m o n z o g a b b r o  o f  the




Fig. 4-9. C l i n o p y r o x e n e  c o m p o s i t i o n s  f o r  the b a s a l t  of the T e r m e i l  
C o m p l e x .
-1 74-
Fig. 4-10.
C o m p l e x .
F e l d s p a r  c o m p o s i t i o n s  for the m o n z o g a b b r o  o f  the T e r m e i l
An





F i g .  4-12. C l i n o p y r o x e n e  c o m p o s i t i o n s  f o r  the m o n z o n i t e  of the M i l t o n  
C o m p l e x .
x PHENOCRYST 
• GROUNDMASS
Fig. 4-13. Clinopyroxene compositions for the porphyritic monzonite





F i q . 4-14. C l i n o p y r o x e n e  c o m p o s i t i o n s  for the p o r p h y r i t i c  m i c r o -
m o n z o n i t e  o f  the M i l t o n  C o m p l e x .
An




F i q . 4-16. F e l d s p a r  c o m p o s i t i o n s  for the p o r p h y r i t i c  m o n z o n i t e  o f  the 
M i l t o n  C o m p l e x .
Fiq. 4-17. Feldspar compositions for the porphyritic micromonzonite of











( W W W  































• • • • 
• • • •







•  •  
•  • SANDSTONE
m
Fig. 4-18. P e t r o g r a p h y  o f  the l a y e r e d  l a c c o l i t h  of the C o o n e m i a  
C o m p l e x  in C a l l a l a  D D H  1.
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Fig. 4-19. V a r i a t i o n  in m i n e r a l o g y  w i t h  h e i g h t  a b o v e  the b a s e  o f  the l a y e r e d  l a c c o l i t h  of the C o o n e m i a  C o m p l e x .
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Fiq. 4-20. C l i n o p y r o x e n e  c o m p o s i t i o n s  for the l a y e r e d  l a c c o l i t h  of the 
C o o n e m i a  C o m p l e x .
An
Fiq. 4-21. F e l d s p a r  c o m p o s i t i o n s  for the l o w e r  b o r d e r  z o n e  of the 
l a y e r e d  l a c c o l i t h  of the C o o n e m i a  C o m p l e x .
-1 81 -
An
Fiq. 4-22. Feldspar compositions for the lower zone of the layered
laccolith of the Coonemia Complex.
Fiq. 4-23. Feldspar compositions for the upper zone of the layered 
laccolith of the Coonemia Complex.
-1 82-
An
Fiq . 4-24. F e l d s p a r  c o m p o s i t i o n s  for the u p p e r  b o r d e r  z o n e  of the
l a y e r e d  l a c c o l i t h  of the C o o n e m i a  C o m p l e x .
Wo
b a s a  1 1 .
Fiq. 4-25. Clinopyroxene compositions for the Stockyard Mountain
-1 83-
An
Fiq. 4-26 F e l d s p a r  c o m p o s i t i o n s  fo r  the Stockyard M o u n t a i n  b a s a l t .
Wo
A
Fig. 4-27. Clinopyroxene compositions for the Towradgi dolerite.
-184-
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Fio. 4-28. F e l d s p a r  c o m p o s i t i o n s  for the T o w r a d g i  d o l e r i t e .
-1 85-
Ficj. 4-29. 
s h o s h o n i t i c
An
An
F e l d s p a r  c o n p o s i t i o n s  f o r  a l l  r o c k s  o f  the L a t e  P e r m i a n  
p r o v i n c e .  G r a i n s  in e q u i g r a n u l a r  r o c k s  a r e  i n c l u d e d  w i t h
p h e n o c r y s t s  o f  p o r p h y r i t i c  r o c k s
-1 86-
Fiq. 4-30. 





C l i n o p y r o x e n e  c o m p o s i t i o n s  f o r  a l l  r o c k s  o f  the L a t e  P e r m i a n  
p r o v i n c e .  G r a i n s  in e q u i q r a n u l a r  r o c k s  a r e  i n c l u d e d  w i t h
p h e n o c r y s t s  in p o r p h y r i t i c  r o c k s .
-187-
Di
s q u a r e s  = a n a l y s e d  Fe O  / F e O  + Fe O r a t i o ;  s o l i d  s q u a r e s  = Fe O  / 
F e O  + F e ^ O ^  r a ti o  of 0.2.
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Fiq. 5-3. R a r e  e a r t h  e l e m e n t  p a t t e r n s  for the s h o s h o n i t i c  e x t r u s i o n s .  
M I  = M i n u m u r r a  L a t i t e  M e m b e r ;  B K  = B e r k l e y  L a t i t e  M e m b e r ;  BH = B l o w  Hole  
L a t i t e  M e m b e r ;  D A  = D a p t o  L a t i t e  M e m b e r ;  SA = S a d d l e b a c k  L a t i t e  M e m b e r ;  
B U  = B u m b o  L a t i t e  M e m b e r ;  C D  = C a l d e r w o o d  L a t i t e  M e m b e r ;  FI = F i v e  




M - v a l u e
Fig. 5-4. H i s t o g r a m s  o f  DI a n d  M - v a l u e s  f o r  the s h o s h o n i t i c  b a s a l t i c  









10  3 0  50
M - v a l u e


























% S 1 0 2
60
Fig. 5-6. Binary variation diagrams for the shoshonitic extrusions
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Fig. 5-6 (continued). Binary variation diagrams for the shoshonitic
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-6 (continued). Binary variation diagrams for the shoshoniti
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Fiq. 5-6 (continued). Binary variation diagrams for the shoshonitic
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Fig. 5-6 (continued). Binary variation diagrams for the shoshonitic 
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Fig. 5-6 (continued). Binary variation diagrams for the shoshonitic 
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Fig. 5-8. S t r a t i g r a p h i c  p o s i t i o n  v e r s u s S i O
2
c o n t e n  t for the s h o s h o n i t i c  e x t r u s i o n s . D o t s  g i v e  the m e a n





Fig. 5-9. CIPW normative mineraloqy for the basalt of the Termeil 
Complex. Open squares = analysed Fe ̂ O^/FeO + Fe^^ ratio; solid squares 
- Fe^O^/FeO + Fe2°3 rat -̂° °*2.
Di
Fig. 5-10. CIPW normative mineralogy for the monzogabbro of the
Termeil Complex. Open circles = analysed Fe O /FeO + Fe 0 ratio? dots2 3 2 3

















Fiq. 5-12. AFM and Na^O-CaO-K^O diagrams for the rocks of the Termeil
Complex.
-201-
Fig. 5-13. R a r e  e a r t h  e l e m e n t  p a t t e r n s  for r o c k s  o f  the T e r m e i l  
C o m p l e x .
Di
Fig. 5-14. C I P W  n o r m a t i v e  m i n e r a l o g y  f o r  the p o r p h y r i t i c  m o n z o n i t e  of
the M i l t o n  C o m p l e x .  O p e n  c i r c l e s  = a n a l y s e d  Fe 0 / F e O  + Fe 0  r a t i o ; ̂ 3 2 3
d o t s  = F e ^ O ^ / F e O  + Fe2 ° 3 r a t io of 0.2.
-202-
Di
Fig. 5-15. CIPW normative mineralogy for the porphyritic micromonzonite
(circles) and monzonite (square) of the Milton Complex. Open symbols =
analysed Fe 0 /FeO + Fe O ratio? solid symbols = Fe 0 /FeO + Fe 0 
¿ 5  £ S 2 3 2 3
ratio of 0 .2.
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Fig. 5-19. CIPW normative mineralogy for the rocks of the Coonemia
Complex. BZ = border zones? LZ = lower zone? UZ = upper zone. Open
circles = analysed Fe O /FeO + Fe.O ratio; dots = Fe^O /FeO + Fe 0
z 3 ¿ 3  2 3 2 3
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Fig. 5-22. AFM and Na20”Ca0“K2° diagrams for rocks of the Coonemia Complex.
-209-
Fig* 5-23. Variation in total-rock chemistry with height above the
base of the layered laccolith of the Coonemia Complex.
-210-
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Fig. 5-23 (continued). Variation in total-rock chemistry with height
above the base of the layered laccolith of the Coonemia Complex.
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Fig. 5-23 (continued). Variation in total-rock chemistry with height
above the base of the layered laccolith of the Coonemia Complex.
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Di
Fiq. 5-24. CIPW norinative mineralogy for the Stockyard Mountain 
basalt. Open squares = analysed Fe^O^/FeO + Fe2 ° 3 ratio? closed squares 











Fiq. 5-25. R a r e  e a r t h  e l e m e n t  p a t t e r n  f o r  the S t o c k y a r d  M o u n t a i n  
b a s a I t .
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Di
Fig. 5-26. CIPW normative mineralogy for the Towradgi dolerite. Open
square = analysed Fe O /FeO + Fe ° ratio; closed square = Fe O /FeO + ̂ j  ̂j 2 3
Fe_0 „ ratio of 0.2 .2 3
Fig. 5-27. Rare earth element pattern for the Towradgi dolerite.
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Fig. 5-28. Binary variation diagrams for the shoshonitic intrusions. Triangles = Termeil Complex; crosses =






























Fig. 5-28 (continued). Pinary variation diagrams for the shoshonitic intrusions. Triangles = Termeil
Complex; crosses = Milton Complex; circles = Coonemia Complex; open squares = Stockyard Mountain basalt; solid































48 50 52 54
% Si02
Fiq. 5-28 (continued). Binary variation diagrams for the shoshonitic intrusions. Triangles = Termeil
Complex; crosses = Milton Complex; circles = Coonemia Complex; open squares = Stockyard Mountain basalt; solid
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Fiq. 5-28 (continued). Binary variation diaqrams for the shoshonitic intrusions. Trianqles - Termeil
Complex; crosses = Milton Complex; circles = Coonemia Complex; open squares = Stockyard Mountain basalt; solid
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Fiq. 5-28 (continued). Binary variation diagrams for the shoshonitic intrusions. Triangles = Termeil
Complex; crosses = Milton Complex; circles = Coonemia Complex; open squares = Stockyard Mountain basalt; solid































Fig. 5-28 (continued). Binary variation diagrams for the shoshonitic intrusions. Triangles = Termeil
Complex? crosses = Milton Complex; circles = Coonemia Complex; open squares = Stockyard Mountain basalt; solid
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Fig. 5-28 (continued). Binary variation diagrams for the shoshonitic intrusions. Triangles = Termeil
Complex? crosses = Milton Complex? circles = Coonemia Complex; open squares = Stockyard Mountain basalt; solid
square = Towradgi dolerite.
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Fig. 5-28 (continued). Binary variation diagrams for the shoshonitic intrusions. Triangles = Termeil
Complex; crosses = Milton Complex; circles = Coonemia Complex; open squares = Stockyard Mountain basalt; solid
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Fig. 5-28 (continued). Binary variation diaqrams for the shoshonitic intrusions. Triangles = Termeil
Complex; crosses = Milton Complex? circles = Coonemia Complex; open squares = Stockyard Mountain basalt? solid






























3 4 5 6 7
% MgO
Fig. 5-28 (continued). Binary variation diaqrams for the shoshonitic intrusions. Triangles = Termeil
Complex; crosses = Milton Complex; circles = Coonemia Complex; open squares = Stockyard Mountain basalt; solid












Fig. 5-28 (continued). Binary variation diagrams for the shoshonitic intrusions. Triangles = Termeil
Complex? crosses = Milton Complex; circles = Coonemia Complex? open squares = Stockyard Mountain basalt; solid
square = Towradgi dolerite.
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Fiq. 5-28 (continued). Binary variation diagrams for the shoshonitic intrusions. Triangles = Termeil
Complex; crosses = Milton Complex; circles = Coonemia Complex; open squares = Stockyard Mountain basalt; solid
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Fig. 5-30. B i n a r y  v a r i a t i o n  d i a g r a m s  for r o c k s  o f  the L a t e  P e r m i a n  p e t r o g r a p h i c  p r o v i n c e .  C r o s s e s  = 
e x t r u s i v e  b a s a l t s ;  a s t e r i s k s  = b a s a l t i c  a n d e s i t e s ;  c i r c l e s  w i t h  c r o s s e s  = a n d e s i t e ;  t r i a n g l e s  = T e r m e i l  
C o m p l e x ;  s q u a r e s  w i t h  c r o s s e s  = M i l t o n  C o m p l e x ;  o p e n  c i r c l e s  = C o o n e m i a  C o m p l e x ;  o p e n  s q u a r e s  = S t o c k y a r d  
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( c o n t i n u e d ) .  P i n a r y  v a r i a t i o n  d i a g r a m s  for r o cks o f  the L a t e  P e r m i a n  p e t r o g r a p h i c  p r o v  
e x t r u s i v e  b a s a l t s ;  a s t e r i s k s  = b a s a l t i c  a n d e s i t e s ;  c i r c l e s  w i t h  c r o s s e s  = a n d e s i t e ;  t r i a n g  
Dmplex; s q u a r e s  w i t h  c r o s s e s  = M i l t o n  C o m p l e x ;  o p e n  c i r c l e s  = C o o n e m i a  C o m p l e x ;  o p e n  s g u a  
M o u n t a i n  b a s a l t ;  s o l i d  s q u a r e  = T o w r a d g i  d o l e r i t e .
48 50 52 54 56 58 60
% S 1 0 2
Fig. 5 - 3 0  ( c o n t i n u e d ) .  B i n a r y  v a r i a t i o n  d i a g r a m s  f or r o c k s  o f  the L a t e  P e r m i a n  p e t r o g r a p h i c  p r o v i n c e .  
C r o s s e s  = e x t r u s i v e  b a s a l t s ;  a s t e r i s k s  = b a s a l t i c  a n d e s i t e s ;  c i r c l e s  w i t h  c r o s s e s  = a n d e s i t e ;  t r i a n g l e s  = 
T e r m e i l  C o m p l e x ;  s g u a r e s  w i t h  c r o s s e s  = M i l t o n  C o m p l e x ;  o p e n  c i r c l e s  = C o o n e m i a  C o m p l e x ;  o p e n  s q u a r e s  = 
S t o c k y a r d  M o u n t a i n  b a s a l t ;  s o l i d  s q u a r e  = T o w r a d g i  d o l e r i t e .
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Fig. 5-30 (continued). Binary variation diagrams for rocks of the Late Permian petrographic province. 
Crosses = extrusive basalts; asterisks = basaltic andesites; circles with crosses = andesite; triangles = 
Termeil Complex; squares with crosses = Milton Complex; open circles = Coonemia Complex; open squares = 





Fiq. 5-31. AFM and Na^-CaO-K^O diagrams for rocks of the Late Permian 
petrographic province. Dots indicate mean for each extrusive rock type, 
and each rock type in each of the intrusive complexes.
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Fig. 6-1. CIPW normative mineralogy of all rocks of the Late Permian 
petrographic province which contain less than 53% SiO^. Norm calcul­
ation based on analysed ratio of Fe^O^/FeO + Fe2^3 *
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Fiq. 6-3. K 20 / N a 20 v e r s u s  SiC>2 for all rocks of the Late Per m i a n
p e t r o g r a p h i c  prov i n c e .
s o u t h e r n  S y d n e y  Basin. F i e l d s  b e t w e e n  the four rock s e r i e s  are s l i g h t l y















Fig. 7-1. Trace element patterns for the rocks of the layered 
laccolith of the Coonemia Complex normalized to the average composition 
of the border zones.
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F i q .  7-2. V a r i o u s  c a l c u l a t e d  t r a c e  e l e m e n t  p a t t e r n s  fo r  d e r i v a t i v e  
l i q u i d s  p r o d u c e d  b y  f r a c t i o n a l  c r y s t a l l i z a t i o n .  F = w e i g h t  f r a c t i o n  of  
l i q u i d  r e m a i n i n g .  P = p l a g i o c l a s e ;  C = c l i n o p y r o x e n e ; 0 = o l i v i n e ;  M = 
t i t a n m a g n e t i t e . P r o p o r t i o n s  o f  f r a c t i o n a t i n g  p h a s e s  ar e  g i v e n  fo r  e a c h
m o d e l .




Fig. 7-3. C a l c u l a t e d  t r a c e  e l e m e n t  p a t t e r n s  f o r  th e  m a g m a  p r o d u c e d  b y  
the a d d i t i o n  o f  0.1, 0 . 2  a n d  0. 3  w e i g h t  f r a c t i o n s  of c r y s t a l l i n e  p h a s e s  
to a n  o r i g i n a l  m a g m a .  The c r y s t a l l i n e  p h a s e s  a r e  p r o d u c e d  b y  30% 
f r a c t i o n a t i o n  o f  p l a g i o c l a s e ,  c l i n o p y r o x e n e  a n d  o l i v i n e  in the r a t i o  of 
2 : 3 : 5  f r o m  the o r i g i n a l  m a g m a .
Fig. 7-4. T r a c e  e l e m e n t  p a t t e r n s  f o r  th e  r o c k s  o f  t h e  M i l t o n  C o m p l e x  
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Fig. 7-5. C a l c u l a t e d  t r a c e  e l e m e n t  p a t t e r n s  for f r a c t i o n a t i o n  of 
p l a g i o c l a s e ,  c l i n o p y r o x e n e  a n d  o l i v i n e  in the r a t i o  4 : 3 : 3 .  F = w e i g h t  
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Fig. 7-6. Calculated and observed trace element patterns for the 
porphyritic micromonzonite and the monzonite of the Milton Complex. The 
observed trace element content of the porphyritic micromonzonite is 
normalized to the porphyritic monzonite, and the monzonite is normalized 
to the porphyritic micromonzonite. Calculated patterns for the 
porphyritic micromonzonite and monzonite are based on 1 0 % and 2 0% 
fractionation of plaqioclase, clinopyroxene and olivine respectively, in 





























Fiq. 7-8. T r a c e  e l e m e n t  p a t t e r n s  for the L a t e  P e r m i a n  e x t r u s i o n s  
n o r m a l i z e d  to the M i n u m u r r a  L a t i t e  M e m b e r .  B K  = B e r k l e y  L a t i t e  M e m b e r ;  
B H  = B l o w  Hole L a t i t e  M e m b e r ;  DA = D a p t o  L a t i t e  M e m b e r ;  S A  = S a d d l e b a c k  
L a t i t e  M e m b e r ;  C D  = C a l d e r w o o d  L a t i t e  M e m b e r ;  B U  = B u m b o  L a t i t e  M e m b e r ;  
FI = F i v e  I s l a n d s  L a t i t e  M e m b e r ;  C B  = C a m b e w a r r a  L a t i t e  M e m b e r .
-241 -
SOURCE: C px^Q  G a^ g Q z -jq 
MELT: C p x 30  G a ^ 0 Q Z 3 0
SOURCE: CpxgQ G a^g  Qz- jg 
MELT: C d * 3 q ^ a 4Q ^ 2 30
AMPHIBOLE LHER20LITE AMPHIBOLE LHERZOLITE
SOURCE 0 * 5 5  OPx 20  ^ ^ * 1 0  ^^*15 
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SOURCE O lg g  O p x 20 ^ P x 10 ^ ^ 1 5  
MELT ^ P x 20 Cp * 20  ^ m 60
SOURCE: O ig g  O p * 2 g C p * 2 0  Sp 2 
MELT: O p x ^ g  Cpx 5 5
H - - - - 1- - - - - - - - - - - - - - - - - 1— t- - - - - - - - - -
SOURCE: O I56 O p * 2 0 C d x 20  s p 2 
MELT O p x ^ g  C pxgg
GARNET LHERZOLITE GARNET LHERZOLITE
SOURCE O l6 0  O p x 20  C p x 10 Q«10 













Fig. 8-1. C a l c u l a t e d  c h o n d r i t e  n o r m a l i s e d  R E E  p a t t e r n s  fo r  1, 5, 10,
15, a n d  20% h a t c h  an d  f r a c t i o n a l  m e l t i n g  of four p o s s i b l e  sou r c e  
c o m p o s i t i o n s  . S o u r c e  c o m p o s i t i o n s  a nd m e l t i n g  p r o p o r t i o n s  used in 
c a l c u l a t i o n s  a r e  g i v e n  f o r  e a c h  m o d e l .  01 = o l i v i n e ;  Cpx = c l i n o -
p y r o x e n e ; O p x  = o r t h o p y r o x e n e ;  Ga = g a r n e t ;  pz = g u a r t z ;  Am = a m p h i b o l e ;  
a n d  Sp = s p i n e l .
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** 1 Age 
(m.y.)40Artot
7832 Nebo teschenite TR 0.81 0.06917 0.138 26.2+ 3.0
30.7+ 0.6WMcD Caoura basalts TR 31.1+ 1.3
35.0+ 0.9WMcD Mt Wanganderry basalts TR 36.8+ 0.9
O'R Moss Vale basalt TR 35.9
WMcD Robertson basalt TR 37.2+ 0.9
45.5+ 1.5WMcD Nerriga basalts TR 45.6+ 1.5
46.0+ 1.2WMcD Bowral basalts TR 48.9+ 3.0
TR 47.0+ 0.8WMcD Wingello basalts TR 50.0+ 1.2
7833 Wongawilli dolerite TR 1.88 0.2949 0.522 47.9+ 2.5
7834 Kemira gabbro TR 0.97 0.1557 0.232 49.0+ 4.0
7835 Avon Pierite TR 2.05 0.03221 0.615 49.4+ 2.0
49.4+ 2.0WMcD Mt Misery basalt TR 51.7+ 1.3
WMcD Robertson basalt TR 55.3+ 1.4
7836 Cataract lamprophyre TR 1.74 0.3365 0.396 58.8+ 3.5
8588 Robertson dolerite TR 0.734 0.1857 0.665 63.8+ 3.2
8589 Bulli teschenite TR 0. 744 0.2189 0.643 74.0+ 3.6
8590 Good Dog Lamprophyre B 6.798 2.7629 0.831 101 +4
McDW Mt Misery trachyte TR 175 +10
Py 184 +7
Py 164 +11McDW Mt Gingenbullen dolerite PI 176 +4
PI 180 +8
ER Mt Gibraltar Microsyenite TR 1B2
McDW Sutton Forest basanite TR 188 +5
8591 Bong Bong Basalt TR 1.226 0.9579 0.930 190 + B
TR 191 +3McDW Mt Jellore Trachyte TR 192 + 3
McDW Moss Vale dolerite TR 197 +9
O'R Moss Vale basanite TR 198
WA Riama basanite B 200
McDW Bowral dolerite TR 201 + 5
8592 Sutton Forest dolerite TR 1.303 1.0817 0.837 202 + 8
7840 Stockyard Mountain basalt TR 2.43 1.998 0.453 238 + 6
OZ Coonemia monzogabbro PI 2 39 +6
7841 Termeil monzogabbro TR 2.02 1.6872 0.960 241 + 4
7845 Towradgi dolerite F 1.286 1.3019 0.866 243 +10
JO Milton monzonite TR 245
7842 Milton micromonzonite TR 3.25 2.754 0.564 245 + 6
ER Bumbo Latite Member TR 249
7843 Dapto Latite Member TR 2.32 2.022 0.691 251 + 5
ER Berkley Latite Member TR 258
RU Bumbo Latite Member TR 260
WMcD = Heilman 6 McDougall (1974), O'R > O'Reilly (1971), McDW = McDougall S Wellman (1976), ER = Evernden 
£ Richards (1962), WA * WasB pera. comm. (1982), OZ = Ozimic (1971), JO = Joplin (1968); RU * Runnegar 
pers. comm. (1980). Four digit numbers refer to samples dated as part of the present investigation, 
ra - total-rock, B - biotite concentrate, Py - pyroxene concentrate, PI - plagioclase concentrate, F = 
feldspar concentrate. Errors correspond to 2a. Ages calculated using constants of Steiger 6 Jager (1977).
Table 3-1. K-Ar data for igneous rocks from the southern Sydney Basin. 
Isotopic data are given for samples dated as part of the present 
investigation only. Appendix A gives methods of analysis and analysts.
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POST-PERM IAN
Unit Basis Re ference
Unnamed essexite, basalt
and picrite stratigraphic Taylor & Mawson, 1903
Mt Je 1lore trachyte stratigraphic, Taylor & Mawson, 1903/
K-Ar McDougall & Wellman, 1976
Mt Gibraltar microsyenite stratigraphic, Tàylor & Mawson, 1903 Ì
K-Ar Evernden & Richards, 1 962
Robertson Basalt stratigraphic, Harper, 1 91 5;
K-Ar Wellman & McDougall, 1974
Wingello Basalt stratigraphic, 
K-Ar
Wellman & Me Doug all, 1 975
Wallaya lamprophyre s tra tig raphi c Harper, 1915; Bownan, 1 974
Minnamurra Falls Tinguaite stratigraphic Harper, 1915; Bowman, 1 974
Dhruwalgha Tinguaite stratigraphic Harper, 1915; Bowman, 1 974
Wallaya Dolerite stratigraphic Harper, 1915; Bowman, 1974
Mount Ne bo Monchiquite stratigraphic Harper, 1915; Bovmian, 1974
Rixons Pass Teschenite stratigraphic Harper, 1915; Bowman, 1974
Bong Bong Basalt stratigraphic, 
K-Ar
Harper, 1915;
Carr & Facer, 1980
Cataract lamprophyre K-Ar Facer & Carr, 1979
Cordeaux teschenite stratigraphic, 
K-Ar
Bowman, 1974;
Facer & Carr, 1979
unnamed picrite and stratigraphic Edwards, 1953
crinanite
Good Dog Lamprophyre K-Ar Carr & Facer, 1980
Nebo teschenite K-Ar Facer & Carr, 1979
Wongawilli dolerite K-Ar Facer & Carr, 1979
Kernira gabbro K-Ar Facer & Carr, 1979
Avon picrite K-Ar Facer & Carr, 1979
Bulli teschenite K-Ar Carr & Facer, 1980
Sutton Forest dolerite stratigraphic, 
K-Ar
Carr & Facer, 1980
Robertson dolerite stratigraphic, 
K-Ar
Carr & Facer, 1980
Table 3-2. Post-Permian igneous rock-units from the southern Sydney 
Basin. Table 3-1 includes the available K-Ar ages for these rock-units.
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PERMIAN
Sample S l 0 2 T i 0 2
A12 °3 Fed HrO MgO CaO Na20 k 2o P2 °5
Na O+K O2 2
8073 52.01 0 .8 2 1 9 .2 5 7.31 0 .  19 2 .6 5 6.00 2 .8 5 4 .3 5 0.68 7 .2 0
8596 5 4 .0 8 1 .05 16 .7 4 8 .0 9 0 .1 8 2.61 3 .9 3 3 .1 7 5 .0 7 0 .9 6 8 .2 4
8072 5 1 . 0 7 0 .8 0 1 9 .8 6 8. 23 0.12 3.81 5.21 2.68 3.21 0 .5 6 5 .8 9
GS6771 5 1 .0 7 0 .9 0 17 .5 2 9 .0 8 0.1 2 2 .2 7 5 .4 4 3.31 5 .5 3 0.88 8 .8 4
8594 5 2 .4 4 1 .31 18.22 9. 33 0. 22 3 .3 5 8.02 3.51 2 .3 9 0 .6 4 5 .9 0
GS5426 51 .92 1 . 18 1 5 .5 8 9 .1 7 0 .1 8 4 .0 9 7 .7 2 3 .3 8 2 .5 6 0 .5 4 5 .9 4
GS5376 4 9 .4 9 1 .57 16.62 9 .8 8 0. 21 3 .5 9 6.00 2 .9 4 3 .8 5 0.81 6 .7 9
8058 51 .95 1 .2 3 16.31 9 .1 7 0 .1 9 4. 30 7 .6 6 2 .9 7 2 .5 2 0.68 5 .4 9
8057 5 2 .2 4 1 .2 8 16 .8 3 8 .8 7 0. 25 4 .1 8 6 .6 3 2 .5 4 4 .5 7 0 .7 4 7.11
8595 50.8 3 1 .1 5 1 6 .3 6 1 0 .0 8 0.21 4 .2 8 8. 31 3.51 2.31 1 .0 9 5 .8 2
8600 5 4 .8 0 1.02 1 6 .8 0 7 .4 5 0 .1 6 3 .1 8 5 .9 3 3.31 3 .9 7 0. 75 7 .2 8
8601 5 4 .4 9 1 .0 3 16.41 7. 22 0 .1 7 3 .2 3 5 .6 0 3 .7 0 4 .0 4 0 .7 5 7 .7 4
8602 5 4 .7 0 1.02 1 6 .2 6 7 .2 8 0. 16 3.11 6 .4 3 3 .6 4 3.91 0 .7 5 7 .7 5
8603 5 4 .5 8 1 .0 6 15.81 7 .1 8 0 .1 7 3 .3 2 4 .9 2 4.11 4 .0 9 0 .8 4 8. 20
8604 57. 32 1.10 15.9 6 5 .6 3 0 .1 5 2. 27 3 .3 7 3 .6 7 6.86 0 .9 4 10 .53
GS5431 5 2 .4 2 1 .0 4 1 8 .05 7. 46 0.22 3 .6 0 6 .1 4 3 .7 5 4*14 0 .3 4 7 .8 9
H 5 3 .8 0 0 .B 5 1 5 .7 9 7 .6 4 0 .0 7 3 .4 4 6 .3 4 3.71 4 .2 5 0.81 7 .9 6
JA 5 5 .1 9 0 .8 9 1 6 .1 8 7. 19 0 .1 8 3 .0 4 4 .6 8 5 .0 9 4 .1 0 0 .5 9 9 .1 9
8063 5 4 .5 8 0 .9 0 16.31 7 .2 0 0 .1 4 3. 33 5 .9 7 3.51 4 .2 9 0. 74 7 .8 0
8059 5 4 .6 0 0 .9 4 17 .5 3 6 .5 8 0 . 1 4 - 3 .4 2 6. 38 3.41 4 .0 6 0.68 7 .4 7
8065 5 4 .6 0 1 .0 5 1 5 .7 7 7. 21 0. 16 3 .2 7 5 .2 5 3 .9 5 4 .3 9 0 .8 9 8 .3 4
8062 5 4 .7 0 0 .9 6 1 6 .4 0 7. 31 0 .1 5 3 .4 4 8 .1 6 3 .2 8 4 .1 2 0. 73 7 .4 0
8064 5 4 .7 9 0 .9 5 1 7 .0 9 6. 85 0. 14 3 .3 8 6 .1 5 3 .2 3 3 .9 5 0 .7 0 7 .1 8
8061 54,81 1.01 16.11 7. 36 0 .1 6 3 .7 6 5 .8 8 3 .3 9 4 .3 3 0 .7 5 7 .7 2
8066 5 5 .3 4 1.0 3 15 .8 4 7 .1 9 0. 14 3 .1 3 4 .3 8 4 .1 6 4 .3 4 0 .7 4 8 .5 0
8060 5 5 .4 8 0 .9 2 17 .3 6 6.91 0. 14 3 .5 4 6.66 3 .3 5 3 .9 8 0 .7 8 7 .3 3
8607 6 0 .6 4 1 .1 6 15.71 7 .0 8 0 .1 7 0 .8 4 2 .9 5 4. 29 5. 22 0 .4 9 9.51
8608 5 9 .9 0 1 .2 4 17 .8 5 4 .2 0 0 . 0 6 1 .1 4 2 .0 3 3.21 6 .9 0 0 .6 0 10.11
GS5468 58.8 2 1 .2 8 14.  78 6 .7 5 0.20 2 .2 6 3 .0 9 4 .6 7 4. 70 0. 58 9 . 37
GS4998 59.6 4 1.10 1 7 .0 9 5.41 0 .1 7 1.66 3 .8 8 3 .5 2 5 .8 8 0 .4 7 9 .4 0
8069 6 0 .1 5 1 .0 6 1 5 .7 9 6.22 0 .0 9 1 .9 9 2 .9 0 3 .8 2 5 .1 2 0 .5 9 8 .9 4
1971 5 0 .2 3 1 .1 3 16 .8 3 7. 57 0. 1 4 5 .2 7 9 .0 9 2 .8 7 1 .9 3 0 .5 0 4 .8 0
1 972 5 0 .6 7 1.10 1 7 .5 7 7 .5 5 0 . 1 3 5 .4 2 8 .6 5 3 .0 6 2.00 0 .5 0 5 .0 6
1975 5 2 .4 4 1 .4 5 15 .54 7 .7 3 0 .1 6 4 . 50 7. 26 3 .6 9 3 .1 3 0 .7 5 6 .8 2
1978 5 1 .7 7 1.0 7 16 .43 7. 28 0 .  1 3 5 .0 5 7 .4 8 3 .4 3 2 .4 2 0 .4 6 5 .8 5
1 979 5 3 .8 8 1.66 14.3 5 8 .0 6 0.21 4 .2 3 5 .6 9 3 .8 0 3 .2 6 0 .9 6 7 .0 6
1981 49 . 38 1 .0 7 17 .6 0 7 .75 0 .1 4 5 .1 2 8 .9 0 3 .3 8 1 .0 3 0 .4 5 5.21
1989 4 8 .5 6 1 .0 7 1 6 .8 7 8. 1 3 0 .1 3 6 .6 3 9 .0 7 2 .9 0 1 .52 0 .3 9 4 .4 2
1996 4 9 .2 2 1 .0 4 1 6 .7 8 B. 18 0 .1 3 6. 38 7 .9 2 3 .1 7 2 .1 9 0 .4 4 5 .3 6
1999 5 0 .2 2 0 .9 8 1 8 .0 0 7. 32 0. 1 3 5 .6 5 7 .9 9 3 .2 9 2.31 0 .4 2 5 .6 0
2003 49 . 40 1 .0 7 16.91 7 .7 9 0 .1 4 5 .7 2 9 .0 3 3.01 2. 19 0 .4 7 5 .2 0
1985 49. 77 1 .2 4 1 6 .1 8 9. 45 0 .1 7 5. 47 8 .2 5 3 .8 3 2 .2 8 0 .5 7 6.11
1994 4 8 .8 9 0.91 1 6 .5 9 9 .0 7 0. 14 7 .0 8 8 .6 7 3 .2 0 1.5 3 0 .4 2 4 .7 3
8097 5 1 .4 5 1 .0 7 17 .5 4 8.10 0 .1 5 3 .8 8 6.10 3.31 3.81 0 .4 3 7 .1 2
8098 5 3 .7 6 1 .0 7 1 7 .09 7. 34 0.12 2 .8 5 4 .5 0 4.11 4 .1 6 0. 41 8 .2 7
8099 5 3 .8 5 1 .0 9 1 7 .39 7 .9 6 0 .1 5 3 .3 0 4.81 3 .8 2 4 .0 2 0 . 41 7 .8 4
B 51 .06 0 .5 5 18 .6 6 8 .6 4 0 .0 9 3.S5 5 .6 4 3 .7 5 3 .8 4 0.41 7 .5 9
W 5 2 .5 3 1.41 1 6 .6 9 7 .8 2 0. 20 3 .9 6 8 .0 5 3 .5 0 2.41 0 .6 5 5.91
H 5 2 .7 2 1.20 1 6 .1 9 8 .4 5 0 .0 7 4 .1 2 8. 10 3.31 2 .4 5 0 .4 8 5 .7 6
7843 5 2 .5 0 1 .0 5 17.25 7 .8 2 0 .1  4 3 .5 5 8 .3 9 3 .4 8 2 .3 9 0 .4 2 5 .8 7
8067 5 2 .9 8 1.02 16.4 4 8 .4 5 0 .1 7 4 .2 2 7. 50 2 .7 5 2 .5 2 0 .4 5 5 .2 7
DR4204 5 1 .5 4 1 .0 9 17.65 7 .9 8 0 .1 7 3.41 7 .6 4 3 .0 2 2.41 0 .4 3 5 .4 3
GS6771 5 2 .8 6 1.10 17.23 8 .2 8 0.10 3. 34 7 .6 2 3 .2 9 2 .7 5 0 .4 3 6 .0 4
PC 1 74 5 3 .4 6 1 .1 3 17.81 8.81 0 .1 9 2 .9 9 5 .4 0 2 .9 8 3 .5 5 0 .3 5 6 .5 3
PC 175 5 3 .5 7 1.11 1 7.33 8 .3 2 0.12 3 .7 9 7 .8 9 3 .1 0 2 .5 2 0. 33 3 .6 2
GS5649 5 2 .4 8 0. 74 1 7 .3 2 8 .9 0 0 .  31 3 .6 5 7 .6 6 3 .4 3 2.5 3 0 .4 2 5 .9 6
GS5646 5 2 .1 9 1 .0 6 1 7 .52 8 .9 6 0 .1 5 3 .3 6 7 .4 0 3.41 2 .6 5 0 .4 3 6 .0 6
8068 5 4 .2 2 1.10 1 6 .6 9 8 .3 3 0 .1 9 3 .6 6 7 .6 4 3 .0 8 2 .5 7 0 .6 4 5 .6 5
DR4235 58.21 0 .9 7 1 5 .4 5 5. 96 0.21 2 .8 9 3 .0 3 5 .1 6 4 .2 4 0.B2 9 .4 0
8605 5 4 .8 5 1 .18 1 6 .7 0 6. 70 0 .1  7 2 .6 7 4 .1 9 2.66 6 .7 5 0 .9 8 9.41
8606 5 4 .4 0 1 .15 16.57 7 .0 6 0 .1 6 2 .9 5 5 .0 8 3 .7 3 5. 1 4 0 .9 8 8 .8 7
DR5870 S 5.27 1.20 16.5 0 6 .9 0 0 .1 4 2 .3 3 5.41 4 .01 4 .4 3 0 .9 6 8 .4 4
DR4237 5 5 .1 4 1 .1 7 16 .4 6 6 .2 5 0 .1 4 2. 36 3. 1 5 3 .5 9 7 .5 3 0 .9 6 11,12
PC207 5 2 .7 4 1 .3 5 17.33 8 .4 7 0 .1 3 3.71 5 .8 8 3 .5 2 3. 1 1 0. 71 6 .6 3
PC 281 5 4 .5 8 1 .3 7 16. 29 7 .9 0 0 .1 9 2 .6 0 4 .8 2 4 .5 6 4. 38 0 .8 0 8 .9 4
PC 282 5 2 .5 5 1 .3 0 1 7 .6 6 7 .7 3 0 .1 8 2.88 6 .3 2 4.61 3 .0 8 0 .6 9 7 .6 9
PC2B3 53.  B9 1 .3 9 1 6 .9 6 8 .1 5 0.22 2.71 6 .4 9 4 .2 3 3 .3 0 0.7 1 7 .5 3
GS5250 51 . 11 1.22 1 7 .7 0 8.71 0 .2 5 3 .4 3 6 .5 1 3 .9 7 3. 25 0 .6 5 7 .2 2
GS4916 5 1 .1 6 0 .9 7 19 .1 6 8.22 0.22 3 .7 3 6 .8 0 4 .0 5 2 .8 9 0 . 56 6 .9 4
GS5092 53.21 1 .1 3 17.81 8 .6 3 0 .2 5 2 .9 6 6 .4 8 3 .3 6 3 .0 3 0 .4 4 6 .3 9
GS5107 5 3 .9 0 1 .2 8 1 5.  32 8 .3 6 0 .2 7 2.41 7 .3 0 3 .7 3 3 .4 4 0 .5 5 7 .1 7
PC 263 5 2 .5 7 1 .3 3 17 .1 2 7 .9 7 0 .1 6 3 .0 5 6 .2 8 4 .2 0 3 .52 0 .6 7 7 .7 2
PC254 5 2 .0 2 1 .3 2 1 6 .97 9. 24 0.22 3 .1 5 6 .7 7 4 .1 2 3.21 0 .4 7 7 .3 3
PC250 51 .65 1 .21 1 7 .86 9 .1 7 0. 20 3 .2 3 7. i a 3 .6 9 3.01 0.51 6 .7 0
8070 4 9 .8 4 0 .7 8 18.96 7 .9 3 0 .0 9 2 .1 6 8. 79 3 .0 5 2 .8 3 0 .6 5 5. 88
GS5626 51 .32 0 .6 7 18.82 7 .0 2 0 .1 8 3 .5 8 6 .4 2 3 .9 7 3. 31 0 .4 2 7. 28
8071 50.63 0 .7 7 19 .0 5 7 .4 5 0 .1 5 3 .2 8 7 .4 2 4 .0 5 2 .8 0 0 .7 7 6 .8 5
8593 5 0.03 0 . 79 18 .9 4 7 .3 2 0 .1 5 3 .4 5 8.22 3 .9 5 2 .3 0 0. 79 6 .2 5
PC 201 51.61 1 .2 8 1 7 .0 5 9. 30 0 .2 5 4 .5 5 7 .8 5 3 .4 6 2. 31 0. 70 5 .7 7
PC202 5 1 .2 6 1 .2 8 1 6 .8 9 9.61 0 . 1 4 4.41 7 .6 7 3 .5 0 2 .3 6 0.68 5 .8 6
PC203 51 .59 1 .2 8 1 6 .9 0 9. 1 2 0. 11 4 .3 2 7 .6 6 3 .5 8 2 .3 4 0.68 5 .9 2
7845 4 8 .4 0 1 .54 1 5 .9 0 9. 49 0 .1 9 7 .3 7 8. 78 2 .3 2 1 .1 4 0.41 3 .4 6
H 4 9 .8 0 0 .4 0 15 .43 9.61 0 .1 7 5 .9 5 9 .5 2 3.01 2 .4 8 0 . 30 5 .4 9
H 4 9 .5 6 1 .3 0 17 .5 4 8.91 0. 22 5 .7 2 8 .4 6 2 .7 3 2 .0 8 0 .5 0 4.81
PC T 31 5 0 .6 0 0 .8 9 14 .23 11 . IS 0. 21 5 .9 3 1 0 .4 5 2 .6 3 2 .1 8 0 .3 5 4.81
PC272 4 9 .9 4 0 .9 9 13.31 1 1 .2 6 0. 20 6.81 10.86 2. 39 1 .8 3 0 . 32 4. 22
maximum 6 0 .6 4 1.68 1 9 .8 6 1 1 .2 6 0.31 7 .3 7 10.86 5 .1 6 7 .5 3 1 .0 9
p i n l m u n 4 8 .4 0 0 .4 0 13.31 4. 20 0 .0 6 0 .8 4 2 .0 3 2 .3 2 1 .1 4 0 .3 0
mean 52.91 1 .0 9 1 6 .8 6 7 .9 8 0 .1 7 3 .7 2 6 .5 8 3.51 3 .4 5 0 .6 2
s t d .  d e v . 2.66 0.21 1.1 4 1 .1 7 0 .0 5 1 .2 8 1.81 0 .5 5 1 .2 9 0 .1 9
Table 3-3. Major element geochemistry of Permian and post-Permian 
igneous rocks from the southern Sydney Basin.
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MnO MgO CaO Na20 k2° P2°5 Na2°+K2°
T 46. 22 3.70 9.33 12.12 0.32 3.08 10.80 3.21 1.80 0.80 5.01
T 43.31 2.20 16.68 11 .08 0.43 10.56 7.95 2.94 0.97 0.65 3.91
H 39.91 1.75 1 3.67 14.87 0.18 11.96 6.18 1.28 0.66 0.61 1.94
H 44.57 1.01 15.30 10.71 0.29 10.04 10.00 1.94 1.39 0.41 3.33
JO 46.20 1.30 17.44 10.71 0.17 7.38 9.02 3.69 1.10 0.56 4.79
JO 44.89 2.60 15.53 10.01 0.40 5.64 12.63 2.92 1.45 0.32 4.37
H 42.52 2.24 14.38 7.95 0.26 7.20 12.35 2.66 1.37 0.43 4.03
H 46.50 2.40 16.48 10.89 0.15 3.46 6.14 4.19 4.54 1.13 8.73
H 51 .48 1.16 1 7.07 6.66 0.26 1.10 3.04 5.65 5.22 0.41 10.87
H 55.82 0.01 20.19 4.50 0.36 0.25 1.02 9.57 5.60 0.07 15.17
H 45.60 1.85 11.62 11.70 0.14 10.41 8.46 2.58 1.88 0.41 4.40
H 41 .72 1.70 16.87 9.81 0.1 5 4.23 10.32 4.99 2.73 0.85 7.72
H 40.62 2.30 1 3.63 12.41 0.08 5.71 10.05 2.23 2.48 1.16 4.80
H 43.38 1.28 19.24 7.64 0.06 8.88 9.16 3.72 1.32 0.86 5.04
H 42.10 1.45 15.68 10.17 0.14 8.26 9.91 4.20 1.47 1.12 5.67
H 42.52 1.30 16.82 10.17 0. 1 5 6.43 9.78 4.02 1.31 1 .46 5.33
H 42.54 1.04 11.52 1 3.85 0.17 8.89 9. 2B 4.25 1.07 0.95 5.32
T 55.86 0.65 15.25 10.49 0.42 0.20 2.1 3 2.34 9.28 0.16 11.62
T 66.68 0.20 14.63 4.27 0.49 0.30 1.88 6.12 4.02 0.28 10.14
T 55.16 0.60 16.67 9.43 0.47 0.56 2.30 5.65 6.97 0. 38 12.62
JO 46.35 1.98 15.91 11.25 0.20 9.02 8.29 3.58 1.68 0.53 5.26
JO 46. 16 2.51 15.44 11.49 0.32 9.57 8.93 2.38 1.46 0.51 3.84
JO 41.15 0.07 17.29 11.87 0.49 11.14 11.04 2.18 1.58 0.27 3.76
H 51 .19 2.72 14.03 10.93 0.09 4.27 8. 18 3.53 1.10 0.99 4.63
H 48.39 3.74 13.36 11.70 0.36 4.57 8.90 3.61 1.18 0.63 4.79
H 50.24 3.08 15.42 11.78 0.12 3.73 7.86 3.60 1.47 0.37 5.07
PC1 27 50.74 3.07 15.58 10.67 0.23 4.83 8.39 3.92 1.26 1.23 5.18
PC 209 45.80 2.24 18.35 9.01 0.11 4.14 8.97 5.42 2.00 1.34 7.42
PC 211 43.49 2.24 17.82 3.61 0.20 3.61 9.25 4.93 1.85 1.30 6.78
PC212 43.42 2.06 17.70 7.71 0.16 3.37 7.90 5.56 1.96 1.02 7.52
PC21 3 41.52 2.41 16.73 10.43 0.1 3 4. 36 10.06 4.38 1.53 1.60 5.91
PC215 40.81 2.15 16.73 7.96 0.16 3.77 10.02 4.12 1.67 1.42 5.79
E 40.30 1.28 6.63 14.55 0.35 24.95 3.99 1.52 0.80 0.07 2.32
E 39.86 1.22 8.73 12.67 0.22 23.00 4.40 1.88 0.49 0.06 2.37
E 44.40 1.83 16.49 9.58 0.25 7.97 7.98 3.61 1.38 0.34 4.99
E 42.45 1.78 14.40 10.55 0.28 9. 34 7.00 3.41 1.12 0.22 4.53
E 41.19 1 .64 9.04 13.53 0.46 18.54 4.96 1.89 1.08 0.89 2.97
7832 46.24 1.64 15.93 10.73 0.21 9.51 9.47 2.59 0.86 0.32 3.45
7833 42.56 2.61 1 3.79 10.55 0.22 9.84 8.82 2.44 1.50 0.69 3.94
7834 41.38 3.01 15.20 11.85 0.18 5.60 11.99 2.81 1.06 0.56 3.87
8589 46.80 1.76 16.89 8.45 0.18 5.11 9.95 3.20 1.10 0.45 4.30
8592 46.15 2.71 14.22 12.04 0.19 7.42 8.65 2.43 1.59 0.48 4.02
PC 323 46.23 1.73 15.51 10.45 0.22 9.18 9.79 1.92 1.12 0.57 3.04
7635 42.06 3.01 14.83 11.22 0.19 6.76 9.87 2.47 2.08 1.20 4.55
PC321 46.49 1.46 15.69 12.16 0.21 5.47 11.34 1.89 2.54 0.65 4.43
H 57.64 0.64 18.28 5.99 0.25 2.73 6.40 4.08 2.03 0.31 6.11
H 45.28 0.46 21.04 9.83 0.31 5.53 11.66 2.57 1.98 0.22 4.55
PG211 49.13 3.26 15.40 10.98 0.33 4.14 8.31 3.47 1.82 0.98 5.29
PG212 49.70 2.92 14.33 10.96 0.24 4.43 8.54 3.08 1.19 1.16 4.27
maximum 66.68 3,74 21.04 14.87 0.49 24.95 12.63 9.57 9.28 1.60
minimum 39.86 0.01 6.63 3.61 0.06 0.20 1 .02 1.28 0.49 0.06
mean 46.02 1.88 15.26 10.28 0.24 6.95 8.23 3.48 2.02 0.68
std . dev. 5.33 0.91 2.79 2.40 0.11 5.01 2.79 1.47 1.67 0.41
GS -  G eological Survey o f New South Wales* DR -  Australian Museum; H -  Harper (1915); JA * Jaquet 
e t a l .  (1905); B -  Browne fi White (1928); W -  W ilsh ire  £ Hobbs (1962); T -  Taylor & Maweon (1903); 
JO - Joplin (1963); E -  Edwards (1953). A ll other samples from the U n iversity  o f Wollongong.
Table 3-3 (continued). Major element geochemistry of Permian and post­








Value efficiency % Value efficiency % Value efficiency %
Si 0_ 
2
49.0 91.1 50.62 82. 2 49. 47 8 8. 1
Ti 0_ 
2
1 . 6 8 6. 7 1.24 77. 8 1 .49 85. 2
Al°2 3 1 5. 5 76. 3 1 6. 41 65. 9 1 6. 07 73. 3 .
FeO 9.5 8 6. 7 8.73 77. 0 9.13 81.5
MnO 0. 22 78. 5 0. 19 71.1 0. 21 74. 8
MgO 6. 0 77. 0 4. 38 74. 1 5. 34 75. 6
CaO 8. 5 76. 3 7. 23 63. 7 7.41 65. 9
Na20 3.0 6 8. 9 3.50 51.1 3. 50 54. 1
K2° 2. 0 87. 4 2. 83 69. 6 2. 74 71.8
P2°5 0. 85 69. 6 0.64 53. 3 0. 65 57.0
Xp = mean of Permian, xpp = mean of post-Permian
Sp = standard deviation of Permian, spp - standard deviation of post-Permian
Table 3-4. Efficiency of separation of Permian from post-Permian 
igneous rocks from the southern Sydney Basin on the basis of univariate 
analysis. Formulae from Chayes & Velde (1965).
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D IS C R IM IN A N T
PERM IAN
INDEX = 1 7 . 7290
POST-PERM  IA N
2 0 .0 1 4 7 1 2 . 294 3
2 0 .4 4 6 5 1 3 . 8623
1 9. 66 25 1 3 . 2866
1 9 . 4777 16 . 5836
1 9 . 2870 1 6 . 7223
1 9 .3 1  20 1 3 .7 7 7 0
1 7. 5852 1 3 .4 6 1 3
1 9 . 2320 14 . 81 32
1 9 . 2596 1 9 .1 6 6 8
1 8 . 91 62 2 3 .0 8 9 2
2 0 .8 0 0 0 1 5 .4 5 7 3
2 0 .6 5 3 2 14 . 1283
2 0 .7 5 8 6 12 . 5639
2 0 .6 3 5 0 1 5 . 591 9
2 1 .6 9 5 3 1 4 .7 4 7 8
1 9 .7 7 7 8 1 5. 19B9
2 0 .7 0 0 2 1 5 .6 8 7 8
21 . 2017 2 1 .9 2  27
2 0 . 7828 27 . 2336
2 0 .8 6 5 1 2 1 .7 2 5 4
2 0 .6 6 1  7 1 5 . 5274
2 0 .8 6 9 5 1 4 . 4691
2 0 .9 2 5 2 16. 9054
2 0 .8 2 2 6 1 6 .1 6 3 2
2 1 .0 0 5 0 1 3. 1186
2 1 .2 6 6 3 1 5. 1045
2 2 .9 5 8 8 1 5. 3299
2 2 .5 0 4 5 14. 81 91
2 1 .9 8 3 5 1 3. 86 29
2 2 .6 5 5 7 1 4 .1 6 6 6
2 2 .9 4 0 8 1 2. 7331
18 . 7048 1 2. 91 98
1 8 . 9424 14 . 3168
1 9 .0 2 8 2 1 4 .2 4 5 6
1 9 . 4532 1 4 .9 9 7 5
1 9 . 1991 1 4 . 2826
1 8 .4 6 3 8 1 4 .0 1 9 8
1 6 . 1244 1 6 . 11 04
1 8 .4 5 3 1 1 2 . 7940
18 . 9779 1 1 .56 6 1
1 8 .4 7 2 1 1 6 .1 2 0 4
18 . 31 1 1 1 4 .0 9 5 3
1 8 .5 5 6 8 1 5 . 9399
1 9 . 3208 1 1 .8 4 7 6
2 0 .2 7 7 0 1 6 . 5466
2 0 . 2773 2 2 . 6781
2 0 . 1205 1 7. 8941
1 9 . 1 394 1 4. 3122
1 'i. M>62 1 5. 1767
1 7024
20,, 0466



























i e . 9988
1 8. 8539
1 8. 9905
1 7. 1 894
1 9. 8762
1 8 . 1 1 32
1 9 , 301 6
1 8. 8435
Table 3-5. E x a m p l e  of the r e s u l t s  of a d i s c r i m i n a n t  f u n c t i o n  a n a l y s i s
u s i n g  the v a r i a b l e s  SiC>2 and TiO^* I n c o r r e c t l y  c l a s s i f i e d  s a m p l e s  a r e
u n d e r l i n e d .  Sample sequ e n c e  as for Table 3-3.
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V a r i a b l e s E f f i c i e n c y  %
s i 0 2 ' T l O ^  A 1 2C>3 , B e0 , MnO, MgO, CaO, Na 0 ,  K 0 ,  P 0  9 6 .3
FeO , C aO , N a 20  +  K 20 8 3 .  0
FeO , MgO, N a 20  +  K^O 8 6 .  7
C aO , N a 20 ,  K20 7 1 .1
S i 0 2 , N a 20  +  K 20 9 1 . 9
T i 0 2 , N a 20 +  K 20 8 7 .4
T i 0 2 , MgO 9 1 .1
T i 0 2 , CaO 86 . 7
1 i 0 2 , MnO 8 7 .4
T 1 0 2 , Fe 0 89 . 6
T i  ° 2 » A 1 2 0 3 8 8 .  1
T i 0 2 , N a 20 85 . 9
T i ° 2 , K20 9 1 .1
• n ° 2 , p 2o 5 8 6 .  7
A 1 20 3 , MgO 73. 3
MnO, MgO 83 . 0
A1 0  , FeO 84 . 4
Fe 0, Mn 0 8 0 .  0
FeO , MgO 8 3 .  7
Fe 0, Ca 0 8 2 .  2
FeO, N a 20 83 . 0
FeO , K20 80 . 7
FeO , P 20 5 83 . 0
MgO, CaO 8 0 .  7
MgO, N a 20 80 . 7
MgO, K20 80 . 0
MgO, P 20 5 85 . 9
N a 2 ° ,  P 20 5 53 . 3
s i o 2 , t i o 2 93 . 3
S i 0 2 '  M 2 °3
88 . 9
S i 0 2 , FeO 88 . 9
S i 0 2 , MnO 9 1 . 9
S i  0 2 , Mg 0 8 7 .  4
S i  0 2 , CaO 9 1 .1
S i  0 _  , Na . 0  
2 2
9 1 . 9
S i 0 2 , k 2 o 88 . 1
S i ° 2 , P 2o 5 8 8 .  1
S i 0 2 , N a 20  +  K 20 9 1 . 9
Table 3-6. Efficiency of separation of Permian from post-Permian 
igneous rocks from the southern Sydney Basin on the basis of discrim­
inant function analysis. FeO equals total Fe as FeO.
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A1,0, 2 3 FeO
MnO MgO CaO Na 0 
2 K2° P2°5
Na -O+K-O 2 2
PC162 50.27 0.72 17.25 10.64 0.15 3.76 5.87 4.07 2.98 0.41 7.05
GS8520 51.38 0.90 15.18 9.63 0.09 4.03 7.07 3.10 3.53 0.61 6.63
PC 164 47.84 0.96 14.21 11.72 0. 11 6.46 10.74 2.02 2.22 0.33 4.24
PC 168 48.45 0.95 1 3.64 10.46 0.17 7.74 10.59 2.42 1.83 0. 34 4.25
PC 180 48.14 0.95 13.91 10.46 0.13 6.59 11.17 2.36 2.10 0.24 4.46
PC267 49.46 1.56 16.51 10.39 0.21 5.56 8.35 3.61 2. 11 0.53 5.72
PC 264 51 .83 1.25 18.10 7.91 0.19 3.74 6.90 4.03 2.99 0. 58 7.02
PC 276 52.04 1.30 17.04 8.00 0.20 3.96 6.45 4.22 3.24 0.63 7.46
PC 280 53.43 1.31 17.61 7.92 0.21 3.05 6.41 4.19 3.48 0.68 7.67
GS = G eo log ica l Survey o f  New South H ales; PC = U n ivers ity  o f  Wollongong
Table 3-7. Major element geochemistry of possible Permian igneous 
rocks from the southern Sydney Basin.
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Wt. % Si 0
Rock lype la tite
Member N mean range 0
SHOSHONITIC
ANDESITE Chmbewarra 5 59. 83 58. 82-60. 64 0. 67
SHOSHONITIC Five Islands 5 55. 57 54. 40-58. 21 1.51
BASALTIC Bumbo 16 54. 76 52. 42-57. 32 0. 97
ANDESITE Calderwood 2 53. 52 53. 46-53. 57 0. 08
Saddleback 3 52. 96 52. 19-54. 22 1. 09
SHOSHONITIC Dapto 1 0 52. 52 51.06-53. 85 0. 94
Be rkley 4 52. 06 51.07-54. 08 1. 42
BASALT Blow HDle 6 51.48 49. 49-52. 44 1 . 1 2
Mi numur ra 4 50. 46 49. 84-51. 32 0. 67
Table 4-1 • Mean SiO contents and nomenclature of the Permian extrus-
ions which are arranged in order of decreasing SiO^ content.
P la g i o c l a s e
MODE (VOLUME 
PHENOCRYSTS








BERKLEY M e a n (4 ) 1 5 .2 0 . 7 0 .3 1 .0 82 . 7 up t o  8 mm < 0 *0 1 -0 .1  mm p i l o t a x i t i c .
LA T ITE
MEMBER Range 5 .2 - 2 7 .4 0-1 . 2 0 -1 .0 0 - 3 .4 7 2 .4 -9 3 .4 m o s t ly  3 -5  mm in t e r g r a n u la r
MINUMURRA
LA T ITE
Meant 3 ) 2 3 .9 1 .4
CDO 1 .8 7 1 .9 4 -5  mm; F e - T i  0 .0 1 -0 .1  min 
o x id e  s m a lle r *
o r t h o p h y r ic
MEMBER Range 2 2 .2 -2 7 .6 0 .4 - 2 .6 0 .4 - 1 .4 1 .4 - 2 .6 6 9 .2 -7 4 .6 u s u a l ly  0 .5  mm i n t e r s e r t a l
DAPTO
LA T ITE
Meant 5 ) 45 . 4 6 . 7 2 .6 2 .9 4 2 .4 up to  15 mm 0 .0 2 -0 .1  mm o r t h o p h y r ic .




M ean(1  ) 
Range
3 5 .4 14. 2 3 .4 3 .0 4 3 .8 up t o  6 mm < 0 .0 1 -0 .1  mm
m o s t ly
3 -4  mm




M e a n (4 )
Range
3 .5
2 .0 - 4 .4
0 . 1 0 . 3 0 .5  9 5 .6  
0 - 0 .3  0 - 0 .8  0 - 1 .2  9 4 .9 -9 6 .4
up t o  3 mm 
m o s t ly  
0 .8 -1  mm
< 0 .0 1 -0 .1  mm p i l o t a x i t i c ,
in t e r g r a n u la r
O th er  = pseu dom orphs a f t e r  o l i v i n e










50. 50 48. 88-51.52 51. 13 49.97-52.08
H 0 2 0. 70 0. 55- 1.05 0. 64 0. 51 - 0. 82
“ 2°3 3. 07 2. 05- 4. 83 2. 51 1 .45- 4.15
FeO 9. 65 7. 89-1 1.16 9. 70 8. 84-1 1.11
MnO 0. 14 n.d .- 0. 33 0. 18 n.d .- 0. 32
Mg 0 1 4. 55 13. 30-1 6. 53 14. 72 1 3. 84-1 5. 58
CaO 20. 93 1 8. 78-22. 32 20. 46 1 9. 34-22. 24
Na 0  
2
0. 32 n.d .- 0. 56 0. 40 n.d . - 0. 58
Table 4-3. Chemical iñata for clinopyroxene in the shoshonitic basalts.
PHENOCRYSTS 
Mean Range 




S i 0 2
0. 25 n.d.- 0.46 0.53 0.08- 1.08
Ti0 2 11.32 7.06-1 5.67 9.97 7.50-14.54
A1 2°3 3.07 0.92- 4.99 1.56 0.74- 3.69
Cr_0 2 3 0.40 0.2 0- 0 .58 0.45 n.d.- 0.63
FeO 78.06 73.95-83. 30 81.51 74.71-84.65
MnO 1.31 0.45- 2. 28 1.27 0.43- 2.29
MgO 0.79 n #d • • 2 •06 0 . 1 2 n.d.- 0.32
CaO 0 . 1 2 n.d.- 0.24 0.27 0 .1 2 - 0.61
USP* 33.6 21.1-46. 1 30.6 22.7-43.0
Table 4-4. Chemical
♦molecular percent ulvospinel 
data for Fe-Ti oxide in the shoshonitic basalts
-255-
MODE (VOLUNE %) GRAIN SIZE Q'OITNCHASS
TEXTURE
FHENOCRYSTS ®07NOMASS PHENOCR YSTS C» O' ft DM ASS
P Ia g i o c la s e C lin o p y ro x e n e  R e-T i o x id e O ther
FIVE
ISLANDS
Meant 2 ) 7 . 1 0 .6  0 .6 1. 3 90. 4 up to  7 mm, .0 8 - ,4  nr in t e r g ra n u l ar
LATITE
MEMBER
Range 4 .0 -1 0 .2 0 .4 -0 .8  0 .6  1.0 - 1 .6 8 7 ,4 -9 3 .4
u s u a lly  
3-4 mm
o r  vjeak ly  
d eve lo p ed  
p i l o t a x i t i c
BIMBO
LATITE
Mean 114 ) 5. l p O’ o 0. 9 92. 8 up to  3 0 rrm, , , - . 4 n m. o r  thophyr ic  f
MEMBER Ra nge 0 .6 -1  5. 4 O K) o o 0 -3 . 0 0 3 *2 -9 8 .2
m a in ly  3-5 mm 
o r  1. 5-2 mm
m ain ly  
♦ 1 2 min
in te r g ra n u l d r,
p i lo t a x  l t lC ;  
r a r e ly  in t e r -
s e r t a l
CALDEP-
WOOD
Meant 2 ) 33. 2 5. 2 1 .8 6. 6 53. 1 up to  8 mm
I.ATITF. but m a in ly . 1 - .5  mm in te r g ra n u l ar
MEMBER Ra nge 20. 2-46. 0 3. 9 -7. 8 0 .8 -2 .  8 3. 2-1 2. 2 4 4 .0 -5 9 .0
3-5 mm, some 
1. 5-2. 5nun
O th er  = pseudomorphs a f t e r  o l i v i n e
Table 4-5. Petrography of the shoshonitic basaltic andesites.
PHENOCRYSTS GROUNDMASS
Mean Range Mean Ifemge
(15) (4 )
Si 0^ 
2 51.07 49. 97-51.94 51.36 51. 10-51.49
Ti 0
2
0. 66 0. 54- 0. 78 0. 54 0.42- 0.60
Al 0 2 3 2. 58 1.74- 3. 32 2. 65 2. 50- 2. 86
FeO 8. 74 8. 20- 9. 43 8. 56 8. 40- 8. 76
MnO 0. 29 0. 13- 0. 59 0. 41 0. 20- 0. 56
MgO 1 5. 10 14. 39-1 6. 32 14. 95 14. 64-1 5. 31
CaO 20. 99 1 9. 25-21.55 21.16 20. 96-21.39
% to O 0. 36 0. 1 9- 0. 59 0. 26 0. 21- 0. 33
Table 4-6. Chemical data for clinopyroxene in the shoshonitic basaltic 
andesites.
- 2 5 6 -
PHENOCRYSTS GROUNDMASS
Mean Range Mean Range
(7 ) (5 )
SiO
2
0. 22 0. 13- 0. 41 0. 22 0. 15- 0. 38
iao2 11. 34 8. 26-1 9. 88 1 1 . 20 6. 72-1 5. 73
a 2°3 2. 64 1.06- 3. 77 2. 04 0. 76- 3. 50
Cr 0 2 3 0. 29 0. 15- 0. 54 0. 34 0. 1 8- 0. 57
FteO 77. 47 72. 20-80. 38 78. 86 76. 20-83. 85
MnO 1. 28 0. 58- 2. 1 2 0. 77 0. 34- 1.60
MgO 1. 60 0. 49- 2. 88 1.45 0. 1 9- 2. 81
CaO 0. 21 n .d . - 0. 72 0. 30 n .d • - 0. 77
USP* 33. 4 24. 3 -57. 6 32. 8 20. 0 -45. 7
♦molecular percent ulvospinel
Table 4-7. Chemical data for Fe-Ti oxide in the shoshonitic basaltic
andesites•
Mean Range GRAIN SIZE
(4)
PHENOCRYSTS
Plagioclase 8. 5 4. 0-1 0. 9 feldspars to 
5 mm, mostly
Clinopyroxene 0. 3 0.0- 1 . 2 2-3 mm, other 
minerals
Fe-Ti oxide 0 . 6 0.3- 1 . 2 2 to 2.5 mm
Other 1 . 0 0. 0- 2. 2
GROUNDMASS
89. 4 86.6-94. 8 0. 02-0 . 1 mm
GROUNDMASS TEXTURE orthophyric, pilotaxitic
Other = pseudomorphs after olivine











51.79 51.49-52. 19 51.31 50.85-51.59
TÍ CT 
2
0. 57 0. 55- 0. 60 0. 66 0. 58- 0. 73
Al 0 2 3 1.42 1.16- 1.59 1 . 6 8 1.36- 1.94
PeO 10. 58 9. 59-11.26 10. 85 10. 51-1 1.21
MnO 0. 30 0. 23- 0. 39 0. 74 0. 69- 0. 77
MgO 14. 48 14. 21-1 4. 73 14. 13 1 3. 59-1 4. 69
CaO 20. 38 20. 28-20. 49 2 0. 00 1 9. 93-20. 08
Na _0 
2
0. 24 0. 1 8- 0. 30 0. 27 0.23- 0.33









0. 33 0. 26- 0. 40 0. 31 0.16- 0.46
TLO
2
21.53 14. 42-2 8. 85 1 7. 19 1 6. 92-1 7. 45
Al 0 2 3 2. 15 1.37- 2. 8 6 3. 24 3. 19- 3. 28
Cr O 2 3 0. 72 0. 58- 0. 86 0. 16 0. 12- 0. 19
FeO 69. 59 63. 96-75. 51 73. 82 73.34-74.30
MnO 1.62 1.26- 2. 02 1.31 0. 91 - 1. 71
MgO 0. 14 n.d .- 0. 23 0. 25 0. 20- 0.29
CaO 0. 36 0. 14- 0. 81 0. 07 n.d .- 0, 1 3
USP.* 63. 3 43. 1 -84.5 50. 6 50.4 -50.8
♦molecular percent ulvospinel
Table 4-10. Chemical data for Fe-Ti oxide in the shoshonitic andesite
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MODE (VOLUME %) GRAIN SIZE
Component Mean Range
(4)
Plagioclase 4 2. 2 34.2-50.6
K-feldspar 16. 2 8. 2-2 1 . 8
0 1 ivine 5. 7 3. 2-1 3. 6
Clinopyr oxene 20. 8 14. 4-28. 0 3 to 5 mm
Fe-Ti oxide 6 . 2 5. 0- 8. 8
Apatite 0 .7 0. 6- 0. 8
Chlorite, calcite
iddingsite 8 . 2 4. 5-1 2. 8
Quartz trace trace






Plagioclase 1 2. 4 8. 8-1 6. 4
PHEN0CRYSTS Clinopyroxene 14. 8 0. 3-22. 0 1 .5-2. 5 mm
Fe-Ti oxide 1.5 0. 2- 3. 0
Other 4. 9 2.6- 9.4
GROUNDMASS 6 6. 5 58.6-83.2 0. 01 -0. 08 mm
GROUNDMASS TEXTURE intergranular
Other = pseudomorphs after olivine











50. 72 49. 05-51.79 50. 36 47.55-51.70
TiO
2
0. 51 0. 21- 0. 99 0. 45 0. 24- 0. 69
Al 0 2 3 2. 81 2.08- 3.84 3. 63 2.22- 5.14
FeO 9. 56 8. 35-1 0. 92 8. 66 7.82- 9.55
MnO 0. 19 n.d .- 0.37 0. 11 n .d . - 0. 34
MgO 14. 78 14. 16-1 5. 24 14. 85 13. 96-1 5. 55
CaO 20. 97 20. 48-21.53 21.40 20. 79-2 2. 30
Na 0 
2
0. 33 0. 18- 0. 61 0. 31 n .d .- 0. 51
Table 4-13* Chemical data for clinopyroxene of the Ttermeil Complex.
MONZOGABBRO BASALTS
Mean Range Mean Range
(2 ) (4)
sio„ 0. 25 0. 24- 0. 26 0. 25 0. 23- 0. 26
n ° 2 9. 1 7 8. 67- 9. 67 9. 11 4. 20-1 5. 02
“ 2°3 1 .73 1.03- 2. 42 1 . 2 0 1.05- 3. 26
Cr O 2 3 0. 50 0. 43- 0. 58 0. 46 n.d .- 0. 82
FeO 81.17 80. 00-82. 33 79. 96 75. 73-85. 07
MnO 0. 72 0. 61 - 0. 82 0. 47 n *d . - 0. 82
MgO 0. 59 0. 23- 0. 95 1.74 0. 24- 5. 41
CaO 0. 36 0. 1 1 - 0. 60 0. 38 0, 15- 0. 57
USP.* 27. 5 16. 1 -28. 8 27. 2 1 3. 3 -44.0
♦molecular percent ulvospinel
Tab l e  4-14. C h e m i c a l  data for Fe-Ti o x i d e  of the Termeil Complex.
-26 0 -
MODE (VOLUME %) GRAIN SIZE
Plagioclase 27.6
K-feldspar 42. 2
Clinopyr oxene 9. 8 0. 4 to 1.4 mm,
Pe-Ti oxide 4.0 rare to 9 mm
Chlorite 15. 0
Apatite 1. 4
Table 4-15. Petrography of the monzonite of the Milton Complex.
MODE (VOLUME %) GRAIN SIZE
Component Mean Range
(8 )
Plagioclase 17. 1 9.2-22.4
K-feldspar 0. 3 0.0- 2 . 6 normally
PHENOCRYSTS Clinopyr oxene 0 . 2 0. 0- 1 . 0 5 to 8 mm,
Pe-Ti oxide 0. 6 0.0- 3.8 rare to
Other 0 . 6 0.0- 2 . 6 1 5 mm
Plagioclase 13. 7 9.2-20.0
K-feldspar 42. 8 39. 2-48. 4
GROUNDMASS Clinopyroxene 10. 7 7. 6-1 5. 2 normally
Fe-Ti oxide 3. 7 7. 6-1 5. 2 0. 3 to 0.4 mm,
Chlorite 9.5 5. 4-1 2. 6 range
Apatite 0 . 8 0.6- 1 . 0 0. 06-1 •4 mm
Biotite <0 . 1 0. 0- 0. 1
GROUNDMASS TEXTURE i n te rg ranular
Other = pseudamorphs after olivine




P la g io e la s e  C l m o p y ro x e n e  F e -T i o x id e  O th er
grain size
PHENOCRYSTS OlOUNDMASS
W O r/N D M AS S
TEXTILE
Mean M  ) 15 .4
1-5 to  2 .0  mm 0.01  t o  0 .1
Range 12. 2 -2 0 .2  0, 2 -2 .0  0. 0 -1 .4  0. 6 -1 .8  77. 2-B5. 8 r a r e  to  4 mm
Other = peeujomorphs after olivine
Table 4-17. Petrography of 
Milton Complex.
the porphyritic micromonzonite of the
MONZON IT E  PO R PH YR IT IC  MONZON I  TE MICROMONZONITE
PHENOCRYSTS CROUNDMASS PHENOCRYSTS QROUNDMASS
Mean 
(3  )
R ange Mean 
<11 )
R an ge Mean 
(3  )
Ra n g e Mean 
<2 )
R an ge Mean 
(2  )
Ra n g e
s i o
2
5 1 .0 8 50. 5 5 -5 1 .6 2 50. 29 4 9 . 1 5 -5 1 .0 6 51 . 36 50 . 9 5 -5 1 .7 4 5 0 . 97 50 . 91 -5 1 .0 3 50. 96 5 0 . 8 4 -5 1 .0 8
T i 0
2
0 . 78 0 . 61 -  1 .0 7 0 . 88 0 . 6 9 -  1 .1 7 0. 68 0 . 6 0 -  0 . 76 0 . 82 0 . 7 7 - 0 . 87 0 . 65 0 . 5 9 -  0 . 71
W 2 °3
2 . 24 1 .5 5 -  2. 79 3. 14 2 . 3 5 -  4 . 70 1 .9 8 1 .8 5 -  2. 15 3 . 45 3. 1 7 -  3. 72 2. 29 2. 2 7 - 2. 31
FeO 9. 86 8 . 84-1 1 .1 8 9 . 16 8 . 6 4 -  9 . 85 10. 03 9. 82-1 0 . 41 9 . 43 9 . 3 7 - 9 . 48 9 . 18 8. 98 - 9. 38
MnO 0. 34 0 . 2 9 -  0 . 41 0 . 20 n .d  . -  0 . 30 0 . 40 0 . 3 5 -  0 . 48 0 . 24 0 . 2 2 -  0 .2 5 0 . 40 0 . 3 8 - 0 . 41
Mg 0 14. 13 1 3. 45-1 4 . 65 1 4. 56 14. 03-1 4 . 98 14. 18 14. 12-1 4 . 25 14. 48 1 3. 95-1 5 . 00 14. 34 14. 31 -1 4 . 37
CaO 20. 93 20. 7 6 -2 1 . 11 21 . 10 20 . 7 4 -2 1 .6 0 20. 77 20 . 6 3 -2 0 . 98 20. 54 20. 3 0 -2 0 . 78 2 1 .0 3 20. 9 9 -2  1 .0 7
Na J0 0. 46 0 . 3 2 -  0 . 62 0 . 49 0 . 3 9 -  0 . 58 0. 53 0 . 4 7 -  0 . 62 0 . 46 0. 4 2 -  0 . 50 0 . 48 0 . 4 6 -  0 . 49
9 9 . 79 99 . 82 9 9 . 90 1 00 . 39 9 9 . 33
Table 4-18. Chemical data for clinopyroxene of the Milton Complex.
MONZONITE PORPHYRITIC MONZONITE MICROMONZONITE
PHENOCRYSTS ŒOUNDMASS PHENOCRYSTS GROUNDMASS
Mean Range Mean Range Mean Range Mean Range Mean
(2 ) Í6 ) (2 ) <2 ) <1 )
SiO2 0. 32 0. 29- 0. 34 0.. 27 0. 16- 0. 36 0. 27 0. 27- 0. 27 0.43 0. 26- 0.60 0. 24
Ti°2 23. 13 1 7.51-28. 74 18. 14 14. 11 -21. 77 16. 91 16. 87-1 9.94 23. 58 1 9. 24-27. 91 1 1 .23
Al2°3 1. 26 1 ., 24- 1 .. 28 1 .82 1.02- 3. 27 1.57 1. 23- 1 .90 2. 70 2.62- 2. 78 1. 29
* 2 ° *
0. 28 n.•d 0. 55 0. 87 0.67- 1. 18 0. 94 0.69- 1 .18 0. 83 0. 75- 0.90 0.76
FeO 68. 81 62. 25-75. 37 73. 70 69. 09-76. 55 74. 75 74. 42-75. 08 68. 29 64. 19-72. 39 80. 76
MnO 1.59 0. 39- 2.78 0. 93 0. 55- 1 .35 0. 96 0.55- 1. 37 0. 76 0.65- 0.86 1.05
MgO 0. 23 0. 1 5- 0. 31 0.42 0. 1 4- 0. 99 0. 25 0. 14- 0. 36 1.90 1. 1 1- 2. 69 0. 33
CaO 0. 24 0. 1 7- 0. 31 0. 34 0. 16- 0.69 0.42 0. 16- 0.65 0., 14 0. 11 - 0. 16 0.i 61
US P* 67, 2 50, 5 -83. 8 53, 0 41.8 -63. 7 49. 7 49. 3 -50. 1 67.3 55.5 -79.0 32.8
»molecular percent ulvospinel






Plagioclase 17. 0 1 6. 7-1 7. 2
PHENOCRYSTS Clinopyr oxene 2. 3 1.2- 3.4
Other 6. 2 5.6- 6.7
GROUNDMASS 74. 6 72.7-76.5
Other = pseudomorphs after olivine
Table 4-20. Petrography of the lower border zone of layered laccolith 





Plagioclase 24. 6 16. 6-40. 6
PHENOCRYSTS Clinopyroxene 1.7 0.0- 5.0
Olivine pseudomorphs 3. 1 0. 0- 6. 8
Plagioclase 18. 5 11.6-24.4
K-feldspar 17. 1 1 2. 0-2 0.7
GROUNDMASS Clinopyroxene 11.3 8. 7-1 3. 9
Olivine pseudomorphs 3. 9 0. 0-1 2. 4
Fe-Ti oxide 3. 6 2. 4- 4. 6
Other 16. 1 4. 6-22. 8
Other = chlorite, calcite and zeolites







Plagioclase 34. 4 30. 3-3 9. 4
K-feldspar 30. 1 21.9-38.0
Clinopyr oxene 14. 8 1 0. 6-2 0. 6
Olivine pseudomorphs 2. 6 0. 7- 6. 7
Fe-Ti oxide 4. 1 3. 0- 5. 2
Other 14. 2 4. 4-26.9
Other = chlorite, calcite and zeolites






Plagioclase 17. 4 14. 5-22. 8
PHENOCRYSTS Clinopyr oxene 1 . 6 0. 7- 2. 9
Olivine pseudomorphs 2. 4 1.5- 2.9
GROUNDMASS 78. 6 73.1-81.6
Table 4-23. Petrography of the upper border zone of the layered 
laccolith of the Coonemia Complex.
264-
LOWER BORDER ZONE LOW Ht ZONE UPPER ZONE UPPER BORDER ZONE
PHENCX-'PySTS (FOÜND-
MASS












Ra nge Mean 
(2 )




51 . 53 SO. 8 3 - S l . 94 49. 07 5 1 .0 9 50. 37 -52 . 38 50. 70 49. 4 4 -52 . 06 50. 73 49. 98 -51 . 61 49. 69 49. 87 -49 . 91 48. 86
Ti O
2
n. 70 0. S4- 0. 96 0. 86 0. 66 0. 58- 0 . 71 0. 74 0. 58- 0. 83 0. 79 0. 5 4 - 0. 97 0. 83 0. 71 -  0. 94 1. 28
2. 29 1 .9 3 -  2. 83 3. 74 2. 97 1. 59- 3. 72 3. 36
CO«T1COo 3. 06 2. 0 3 - 3. 91 3. 91 3. 9 0 - 3. 91 4. 82
Fh o ft. 55 ft. 06 - 9. 49 8. 12 8. 00 7. 73- 8. 46 6. 00 7. 71 -  8 . 43 8. 28 6. 93 - 9. 39 6. 1 2 7. 89- 8. 34 9. 37
MnP 0. 20 0. 13- 0. 23 0. 1 3 0. 02 n .d . -  0. 1 5 0. 04 n md . -  0. 1 3 0. 13 n.d . -  0. 33 n.d . n .d , 0. 16
My 0 1 5. 85 15. 52-1 6. 30 15. 74 1 5. 76 15. 35-1 6. 28 1 5. 41 1 5. 24-1 5. 64 1 5. 27
oo»? 15. 57 1 5. 33-1 5. 81 1 4. 41
CaO 20. 34 1 9. 47 -20 . 87 20. 93 20. 83 1 9. 82 -21 .61 21. 1 8 20. 7 7 -21 .4 4 21. 26 20. 71 -2 2 . 1 2 20. 85 20. 76 -20 . 94 20. 82
sti n 0. 35 0. 20- 0. 47 0. 36 0. 37 0. 23- 0. 47 0. 31 0. 24- 0. 37 0. 36 0. 25- 0. 46 0. 32 o p \0 0. 41
0. 02 n.d . -  0. 08 n .d . n .d . n .d . n • n ,d . n .d . n wd . n -d . n *d « n .d •
99. 92 99. 75 99. 70 99. 74 99. 80 99. 49 1 00. 13
Table 4-24. Chemical data for clinopyroxene of the layered laccolith 
of the Coonemia Complex.











S i ° 2
0.42 0.29- 0.63 0. 27 n .d .-  0.72 0.47 0.25- 0.69 0.26 0.25- 0.26
TiO
2
1 2. 25 10.96-13.56 19.27 10.53-47.38 12.17 9.85-14.48 14.30 13.40-15.20
Al O 
2 3 2.42 1.30- 2.99 1.67 0.14- 3.07 3. 18 2.52- 3.84 2.65 1.97- 3.32
Cr 0 2 3 n . d  * n . d . 0.08 n .d .-  0.71 0. 37 n .d .-  0.73 1.04 0.93- 1.15
FeO 78.44 77.13-79.96 72.09 45.17-81.25 77.65 77.41-77.88 74.53 73.68-75.37
MnO 1 .33 0. 36- 1.67 1 . 32 0.56- 2.08 1.01 0.56- 1.46 1.21 0.56- 1.86
MgO 0. 70 0.58- 0.91 1.50 0.59- 3.93 0.62 0.56- 0.68 1.06 0.81- 1.30
CaO 0.49 0. 13- 0.93 0.27 n .d .-0.84 0.31 0.30- 0.32 0.33 0.24- 0.42
IJSP** 36.6 32.9 -40.1 35.6 30.0 -45.3 36.6 29.7 -43.4 42.2 39.7 -44.7
RHOM** 13.5 12.3 -15.3
••molecular percentage
Table 4-25. Chemical data for Fe-Ti oxides of the layered laccolith of 
the Coonemia Complex.
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MODE (VOLUME %) GRAIN SIZE
Component Mean( 3 ) Range
Plagioclase 7. 5 3. 8-1 3. 2 some plagioclase
PHENOCRYSTS
Fe-Ti oxide 0. 3 0. 0- 0. 8
laths to 6 mm, 
most grains 2-3 mm
Other 0 . 1 0. 0- 0. 1
GROUNDMASS 92. 1 85.6-96.2
GROUNDMASS TEXTURE i ntergranular
Other = pseud amorphs after olivine





t l o 2 0. 64 0. 61 - 0. 74
M 2°3 2. 66 2. 1 7- 2. 89
FeO 8. 80 8. 29- 9. 66
MnO 0. 19 0.13- 0.32
MgO 15. 53 1 5. 08-1 5. 88
CaO 2 0. 19 1 9. 16-20. 73
Na 0 
2
0. 41 0. 30- 0.50







Si02 O'. 46 0. 15- 0. 67 0. 1 2
Ti0 2 9. 41 8. 53-1 0. 39 10. 56
M 2°3 2. 39 1.96- 2.57 2. 39
Cr 0 2 3 0. 16 0. 13- 0. 19 0. 20
FeO 80. 20 78. 77-81.33 80. 16
MnO 0. 79 0. 43- 1.51 1.51
MgO 0. 94 0. 75- 1.28 0. 71
CaO 0. 21 0. 15- 0.24 0. 15
USP* 28. 9 26.3 -30.6 30. 6
♦molecular percent ulvospinel








Olivine (+ alteration products) 21.4
Apatite 0 . 6







49. 73 48.97-50. 22
Ti 0_ 
2
1.77 1 .2 2- 2.36
Al 0 
2 3 4. 11 3. 92- 4.40
FeO 8. 38 6.99- 9.48
MnO 0. 04 n.d . - 0. 1 2
MgO 14. 62 1 3. 8 6 -1 5. 36
CaO 21.38 21.31-21.69
Na _0 0. 57 0. 54- 0.60
2




Si02 0. 15 0. 10- 0. 19
1i0 2 23. 22 22. 99-23.45
“ 2°3 1.50 1.28- 1.71
FeO 70. 25 69. 79-70. 71
MnO 1.75 1.69- 1.80
MgO 0. 58 0. 44- 0. 71
CaO 0. 21 0. 20- 0. 22
USP* 6 6. 1 65.7-66.4
♦molecular percent ulvospinel





Si02 39. 72 39. 65-39. 79
FeO 15.45 15.35-15.54
MgO 44. 47 44. 16-44. 78
CaO 0. 23 n.d.- 0.46
Fe* 1 6. 2 16.1 -16.2
Mg* 83. 9 83.8 -83.9
*atomic proportion








Si° 2 4 50. 46 0.67 49. 84 51.32
Ti02 4 0. 75 0. 06 0.67 0. 79
Al2°3 4 1 8. 94 0. 10 1 8. 82 1 9.05
Fe 2°3 4 4. 26 0. 33 3. 88 4.56
FeO 4 3.60 0. 62 2.97 4.44
MnO 4 0. 14 0.04 0.09 0. 18
MgO 4 3.12 0.65 2. 16 3. 58
CaO 4 7. 71 1.03 6. 42 8. 79
Na20 4 3. 76 0.47 3.05 4.05
k2o 4 2. 81 0. 41 2. 30 3. 31
p2°5 4 0 . 6 6 0.17 0.42 0. 79
LOI 4 3. 44 0. 34 3.16 3. 8 6
Y 2 1 8 1 1 7 1 8
Sr 3 1 573 348 1 267 1 953
Zr 1 1 10
U 1 7
Rb 2 86 83 27 1 45
Th 1 4
Pb 1 23
Gel 1 1 8
Zn 2 69 23 53 85
Cu 2 168 28 148 1 88




Sc 1 1 0. 5
La 1 29
Ce 1 60
Sm 1 5. 55
Eu 1 1.75
Yb 1 1 . 8 8
Lu 1 0. 30
Hf 1 2 . 6
■ —








sio2 6 51.48 1 . 1 2 49.49 52.44
Ti02 6 1.29 0.15 1.15 1.57
6 1 6.65 0 . 8 8 1 5. 58 1 8. 22
Fe2°3 6 5.81 0.49 5.00 6 . 34
FeO 6 4. 20 0.49 3.55 4.73
MnO 6 0. 21 0 . 0 2 0. 18 0. 25
MgO 6 3. 97 0.40 3. 35 4. 30
CaO 6 7. 39 0.89 6. 00 8.31
Na20 6 3.14 0. 39 2. 54 3. 51
k2o 6 3.03 0. 94 2. 31 4.57
p2°5 6 0. 75 0.19 0. 54 1.09
LOI 6 2. 22 1.25 0.43 4.17
Y 6 34 9 24 45
Sr 6 835 274 424 1 201
Zr 5 244 100 170 416
U 4 2 1 1 4
Rb 6 93 62 42 1 98
Ih 4 6 2 4 8
Pb 4 23 1 1 1 2 33
Ga 5 22 3 1 9 26
Zn 6 96 23 63 1 28
Cu 5 1 93 1 57 83 458
Ni 6 1 5 5 9 22
Cr 4 1 2 1 0 3 26
V 4 257 80 145 336
Co 1 28
Sc 1 25. 1
La 1 27
Ce 1 56
Sm 1 6. 41
Eu 1 1.76
Yb 1 2. 45
Lu 1 0. 41
Hf 1 3. 6








Si° 2 4 52.06 1.42 51.07 54. 08
Ti02 4 0. 89 0 . 1 1 0.80 1.05
A l 2 ° 3 4 1 8. 59 1. 14 1 7. 52 1 9.86
Fe 2°3 4 4. 26 0. 49 3.65 4. 78
FeO 4 4. 35 0. 70 3. 93 5.40
MnO 4 0. 15 0.04 0. 1 2 0.19
MgO 4 2.84 0.67 2. 27 3.81
CaO 4 5.15 0. 88 3. 93 6 . 00
Na 20 4 3.00 0. 30 2 . 6 8 3. 31
k 2o 4 4. 54 1 . 0 1 3. 21 5. 53
p20 5 4 0. 77 0. 1 8 0.56 0. 96
LOI 4 3. 20 0. 70 2.55 3. 96
Y 4 31 7 23 38
Sr 4 1 468 690 680 2275
Zr 1 222
U 2 3 0 3 3
Rb 4 1 1 8 40 65 1 58
Th 1 1 0
Pb 1 1 5
Ga 2 22 1 21 22
Zn 4 89 1 2 81 1 06
Cu 4 1 90 75 106 283
Ni 4 13 6 7 21
Cr 1 41
V 2 1 74 28 1 54 1 93
Co 1 23
Sc 1 1 0. 9
La 1 31
Ce 1 60













Si°2 1 0 52.53 0. 94 51.06 53. 85
n o 2 1 0 1.06 0. 21 0.55 1.41
a12°3 10 1 7. 21 0. 70 1 6. 19 1 8. 66
Fe 2° 3 1 0 4.69 1.05 3. 72 6. 92
FeO 10 3. 87 1.01 1.60 4. 91
MnO 9 0. 14 0. 04 0.07 0. 20
MgO 10 3. 62 0.42 2. 85 4. 22
CaO 10 6. 84 1.44 4. 50 8. 39
Na 20 1 0 3. 43 0.40 2. 75 4. 11
k2o 10 3.08 0.77 2.39 4. 16
p205 1 0 0. 45 0.07 0.41 0.65
LOI 10 2. 98 0.62 1.98 3. 84
Y 3 32 1 31 33
Sr 4 1118 544 781 1 923
Zr 3 223 21 204 245
U 2 6 4 3 8
Rb 3 1 1 0 42 85 1 58
Th 2 7 2 5 8
Pb 2 20 8 1 4 25
Ga 3 21 3 1 8 23
Zn 3 68 1 2 60 81
Cu 3 1 21 7 11 3 1 27
N i 3 23 4 1 9 27
Cr 2 21 1 4 1 1 31
V 3 1 95 35 159 229
Co 1 23
Sc 1 20. 2
La 1 25
Ce 1 58
Sm 1 5. 59
Eu 1 1.49
Yb 1 2. 69
Lu 1 0.46
Hf 1 4. 7








sio2 3 52.96 1.10 52. 19 54. 22
Ti02 3 0. 97 0. 20 0. 74 1.10
A1203 3 1 7.18 0.43 16.69 1 7.52
Fe2°3 3 5.65 1.34 4. 30 6. 98
FeO 3 3. 65 1.23 2.68 5.04
MnO 3 0. 22 0.08 0.15 0. 31
MgO 3 3.56 0.1 7 3. 36 3.66
CaO 3 7. 57 0. 15 7.40 7.66
Na 20 3 3. 31 0. 20 3.C8 3.43
k2° 3 2.58 0.06 2. 53 2.65
*2°5 3 0. 50 0.12 0.42 0.64
LOI 3 2. 50 0.47 2. 12 3.02
y 2 35 6 31 39
Sr 2 71 4 52 677 750
Zr 2 215 6 21 0 219
U 2 4 1 3 5
Rb 2 87 2 85 88
Hi 2 7 0 7 7
Pb 2 21 6 16 25
Ga 2 21 0 21 21
Zn 2 69 4 66 71
Cu 2 79 27 60 98
Ni 2 29 8 23 35
Cr 2 28 6 24 32
V 2 1 95 1 1 187 202
Co 1 49
















Si02 27 51.97 1.25 49. 49 54. 22
Ti 02 27 1.03 0. 24 0.55 1.57
A l 2° 3 27 1 7* 55 1.09 1 5. 58 1 9. 86
Fe 2° 3 27 4. 91 1.00 3. 65 6.98
FeO 27 3. 95 0. 83 1.60 5.40
MnO 26 0. 17 0.05 0. 07 0. 31
MgO 27 3. 50 0. 59 2. 16 4. 30
CaO 27 6. 92 1.33 3. 93 8. 79
Na 20 27 3. 34 0.42 2. 54 4.11
k20 27 3. 19 0. 93 2. 30 5. 53
p2°5 27 0. 60 0.19 0.41 1.09
LOI 27 2. 86 0. 84 0.43 4.17
Y 1 7 31 8 1 7 45
Sr 1 9 1 132 51 9 424 2275
Zr 1 2 221 71 11 0 416
U 1 1 4 2 1 8
Rb 1 7 1 00 48 27 1 98
Th 10 6 2 4 1 0
Pb 1 0 21 8 1 2 33
Ga 13 21 2 1 8 26
Zn 17 83 20 53 1 28
Cu 16 1 61 98 60 458
Ni 17 1 7 7 7 35
Cr 10 22 1 4 3 41
V 1 3 214 54 145 336
Co 5 29 1 1 21 49
Sc 5 1 7. 8 6. 7 1 0. 5 25. 1
La 5 27 3 25 31
Ce 5 58 3 54 60
Sm 5 6.15 0. 54 5. 55 6. 73
Eu 5 1.68 0. 20 1.48 1.94
Yb 5 2. 47 0.4 1.88 2. 87
Lu 5 0. 40 0. 07 0. 30 0.47
Hf 5 3.8 0.8 2. 6 4. 7








Si02 2 53.52 0.08 53.46 53.57
Ti02 2 1.12 0.08 1.11 1.13
Al2°3 2 17.57 0.34 17.33 1 7.81
Fe2°3 2 4.84 0.12 4.75 4.92
FeO 2 4.18 0.30 3.96 4.39
MnO 2 0.16 0.05 0.12 0.19
MgO 2 3.39 0.57 2.99 3.79
CaO 2 6.65 1.76 5.40 7.89
Na20 2 3.04 0.08 2.98 3.10
* to O 2 3.04 0.73 2.52 3.55
p2°5 2 0.34 0.01 0.33 0. 35
LOI 2 1.58 1 .05 0.83 2.32
Sr 2 1 004 425 703 1 304
U 1 3
Rb 2 119 49 84 1 53
Th 1 7
Cu 2 87 39 59 114


















Si °2 1 6 54. 76 0.97 52.42 57.32
Ti02 1 6 0. 99 0.06 0. 85 1,10
Al2°3 1 6 16.47 0.69 1 5. 77 1 8. 05
Fe 2°3 1 6 4. 27 0. 51 3.40 4.95
FeO 16 3. 27 0.54 2. 13 3. 96
MnO 16 0. 15 0.03 0.07 0. 22
MgO 16 3. 27 0. 32 2. 27 3. 76
CaO 16 5. 64 0. 89 3.37 6.66
Na 20 16 3. 70 0. 46 3. 23 5.09
k20 16 4. 30 0. 69 3. 91 6.86
p2°5 1 6 0. 73 0. 13 0. 34 0. 94
LOI 16 2. 39 0. 51 1.42 3. 22
Y 1 4 30 4 22 38
Sr 14 797 1 28 609 1 124
Zr 9 1 62 1 3 136 1 79
U 1 0 3 0.6 2 4
Rb 1 4 1 05 1 7 86 1 59
Th 10 6 2 2 8
Pb 9 23 4 1 8 28
Ga 9 1 7 1 1 5 1 9
Zn 14 79 1 2 64 99
Cu 14 264 88 1 03 441
Ni 13 1 1 5 2 1 6
Cr 6 6 4 3 1 3
V 9 248 21 21 9 275
Co 1 23
Sc 1 1 7.4
La 1 27
Ce 1 52
Sm 1 7. 05
Eu 1 1.58
Yb 1 2. 55
Lu 1 0. 44
Hf 1 3. 8








Si02 5 55.57 1.51 54. 40 58. 21
n o 2 5 1.13 0.09 0. 97 1.20
a12°3 5 1 6. 34 0. 50 15.45 16. 70
Fe 2°3 5 4.02 1.26 2. 38 5. 38
FeO 5 2. 96 0. 74 2. 06 3. 82
MnO 5 0. 16 0. 03 0.14 0. 21
MgO 5 2.64 0. 29 2. 33 2.95
CaO 5 4.17 1.09 3.03 5.41
Na 20 5 3. 83 0. 90 2. 66 5.16
k 2o 5 5.62 1.46 4. 24 7. 53
p205 5 0. 94 0.07 0. 82 0.98
LOI 5 2. 32 0.15 2. 15 2.45
Y 3 34 1 33 35
Sr 3 644 38 606 681
Zr 3 1 93 29 1 67 224
U 3 6 1 5 7
Rb 3 144 62 90 212
Th 2 8 5 4 1 1
Pb 3 35 1 9 1 8 56
Ga 3 1 7 6 1 0 22
Zn 3 89 4 86 93
Cu 3 1 79 90 1 1 3 282
Ni 3 1 3 5 1 0 18
Cr 3 1 2 5 9 1 8
V 4 283 20 256 305
Co 1 1 6
Sc 1 1 7. 2
La 1 33
Ce 1 71




Hf 1 4. 9








Si°2 23 54. 83 1.16 52.42 58. 21
Ti02 23 1.03 0.10 0. 85 1.20
Al2°3 23 1 6. 54 0. 70 15.45 1 8.05
Fe2°3 23 4. 27 0. 72 2. 38 5. 38
FeO 23 3. 28 0.64 2. 06 4. 39
MnO 23 0.16 0. 03 0.07 0. 22
MgO 23 3.15 0.42 2. 27 3.79
CaO 23 5.41 1.20 3. 03 7. 89
Na20 23 3.67 0. 58 2. 66 5.16
o(NÌ2 23 4. 48 1.12 2. 52 7. 53
p2°5 23 0. 75 0.1 9 0. 33 0. 98
LOI 23 2. 31 0.54 0. 83 3.22
Y 1 7 31 4 22 38
Sr 19 794 1 75 606 1 304
Zr 1 2 1 70 22 136 224
U 14 4 1 2 7
Rb 1 9 1 1 2 32 84 212
Th 13 6 2 2 1 1
Pb 1 2 26 1 1 1 8 56
Ga 12 1 7 3 1 0 22
Zn 1 7 80 1 2 64 99
Cu 19 232 1 01 59 441
Ni 18 1 2 6 2 23
Cr 9 8 5 3 1 8
V 1 3 258 26 219 305
Co 3 21 4 1 6 23
Sc 3 1 8. 3 1.7 1 7. 2 20. 3
La 3 29 4 26 33
Ce 3 59 1 0 52 71
Sm 3 6. 75 0.44 6. 24 7.05
Eu 3 1.67 0.18 1.55 1.88
Yb 3 2. 62 0.37 2. 30 3.02
Lu 3 0. 46 0. 03 0.44 0.49
Hf 3 4. 5 0.6 3. 8 4. 9









Si02 5 59.83 0.68 58. 82 60. 64
Ti02 5 1.17 0. 09 1.06 1.28
a12°3 5 1 6. 24 1.22 1 4. 78 1 7.85
Fe 2°3 5 3. 27 2.04 0. 23 5.64
FeO 5 2.61 0.59 2. 01 3.24
MnO 5 0. 14 0.06 0. 06 0. 20
MgO 5 1.58 0.59 0.84 2. 26
CaO 5 3.13 0. 78 2. 03 3.90
Na 20 5 3. 90 0. 59 3. 21 4.67
k 2o 5 5.56 0. 86 4. 70 6. 90
p2°5 5 0.55 0. 06 0. 47 0. 60
LOI 5 1.82 0.61 0.79 2. 22
Y 5 42 1 3 23 55
Sr 5 357 1 42 252 605
Zr 4 351 1 39 1 50 460
u 3 7 5 3 1 2
Rb 5 1 79 81 42 259
Th 3 14 8 5 1 8
Pb 3 26 2 25 29
Ga 3 1 8 3 1 5 21
Zn 5 90 1 8 77 1 20
Cu 5 83 21 58 1 14
Ni 3 1 2 2 10 1 4
Cr 2 9 4 6 11
V 3 1 79 112 96 307
Co 1 1 1






Lu 1 0. 70
Hf 1 9.8
Tab l e  5-11. W h o l e - r o c k  g e o c h e m i c a l  data for the C a m b e w a r r a  Latite Member
Number Mean Standard Range
of values deviation minimum maximum
Si02 5 49.87 0.45 49.46 50.60
Ti02 5 1 .03 0.43 0.40 1.56
Al2°3 5 1 5.40 1.70 1 3.31 17.54
Fe 2°3 5 4.35 2.07 1 . 2 0 6. 96
FeO 5 6 . 23 1.13 5.00 7.83
MnO 5 0 . 2 0 0 . 0 2 0.17 0. 22
MgO 5 5.99 0.48 5.56 6.81
CaO 5 9.53 1.13 8.35 1 0 . 8 6
Na20 5 2.87 0.47 2.39 3.61
k 2o 5 2.14 0.23 1.83 2.48
p 2o 5 0.40 0 . 1 1 0.30 0.53
LOI 5 1 .91 0.67 1.17 2.70
Y 1 26
Sr 2 995 385 722 1 267
U 1 1








La 1 1 7
Ce 1 37
Sm 1 4.91













Si0 2 5 49. 22 1.54 47. 84 51.38
t l o 2 5 0.90 0 . 1 0 0. 72 0. 96
ai 2o 3 5 1 4. 84 1.47 13.64 1 7. 25
Fe 2°3 5 6. 28 0. 93 5.17 6.93
FeO 5 4. 93 1 . 1 2 3. 06 5. 81
MnO 5 0. 13 0.03 0. 09 0. 17
MgO 5 5.72 1.74 3. 76 7. 74
CaO 5 9.03 2.39 5.87 11.17
Na20 5 2. 79 0. 81 2 . 0 2 4. 07
k2° 5 2. 53 0, 70 1.83 3. 53
p2°5 5 0. 39 0. 14 0. 24 0.61
LOI 5 3. 23 0.63 2. 25 3. 89
Y 4 22 3 1 7 24
Sr 4 940 1 26 868 1 128
Zr 2 1 1 2 5 108 1 15
U 3 2 1 1 2
Rb 4 62 14 53 83
Ih 2 4 1 3 4
Pb 2 26 6 22 30
Go. 3 1 8 2 1 7 20
Zn 4 73 1 71 74
Cu 4 1 32 16 114 145
Ni 1 32
Cr 1 40
V 3 289 36 249 316
Co 2 39 4 36 41
Sc 2 2 2 . 0 10.4 14.6 29. 3
La 2 1 8 2 1 6 1 9
Ce 2 36 4 33 38
Sm 2 4. 72 0.35 4.47 4.97
Eu 2 1 . 2 1 0.15 1 . 1 0 1.31
Yb 2 2. 13 0. 11 2. 05 2 . 21
Lu 2 0. 30 0.03 0. 28 0. 32
Hf 2 2. 52 0. 01 2.51 2.52









Si° 2 9 51.96 0. 59 51.11 52. 74
Ti02 9 1.25 0 . 1 2 0. 97 1.35
a1 2°3 9 1 7.66 0. 80 1 6. 97 1 9. 16
Fe2° 3 9 4. 12 0. 75 3. 08 4. 92
FeO 9 4.67 0. 59 3. 51 5.55
MnO 9 0. 19 0. 03 0. 13 0. 25
MgO 9 3.43 0. 37 2. 88 3.96
CaO 9 6. 57 0. 39 5. 88 7.18
Na 20 9 4. 05 0. 31 3. 52 4.61
oCM« 9 3.14 0.19 2. 89 3. 52
p20 5 9 0. 61 0. 08 0. 47 0. 71
LOI 9 2. 62 0. 32 2. 23 3. 20
Y 3 35 8 31 44
Sr 8 775 1 46 650 1 100
Zr 2 1 71 1 3 1 61 1 80
U 6 3 1 1 4
Rb 3 92 1 9 72 1 09
Th 5 7 1 6 8
Pb 2 24 4 21 26
Ga 2 1 5 0 15 1 5
Zn 8 75 25 41 1 27
Cu 3 202 48 1 65 257
Ni 2 13 2 11 1 4
Cr 2 8 0 8 8
V 7 214 1 8 1 91 236
Co 5 20 1 1 8 21
Sc 5 1 7. 5 0. 5 16. 8 1 8. 2
La 5 32 3 28 35
Ce 5 70 8 59 80
Sm 5 in«00 0. 56 8. 26 9. 70
Eu 5 2. 03 1. 38 1.89 2. 19
Yb 5 3. 26 0. 28 2. 86 3. 54
Lu 5 0. 53 0.04 0. 47 o « 00
Hf 5 5.4 0. 9 4. 3 6. 6
Table 5-14. Whole-rock geochemical data for the porphyritic monzonite








Si02 4 53.61 0.34 53. 21 53.90
Ti0 2 4 1.28 0 . 1 1 1.13 1.39
Al2°3 4 16.93 1.13 1 5. 32 1 7. 81
Fe 2°3 4 3. 90 0. 29 3.60 4. 29
FeO 4 4.77 0.48 4. 30 5. 22
MnO 4 0. 24 0.03 0. 21 0. 27
MgO 4 2. 78 0. 29 2. 41 3.05
CaO 4 6.67 0. 42 6.41 7. 30
Na 20 4 3.88 0. 41 3. 36 4. 23
k 2o 4 3. 31 0. 20 3.03 3.48
'd ro O (_n 4 0.60 0 . 1 2 0.44 0. 71
LOI 4 1 . 6 6 0.30 1.24 1.94
Sr 2 756 1 70 636 876
U 2 5 1 4 5
Rb 1 104
Th 2 9 1 8 9
Zn 2 56 1 5 45 66





Sm 1 1 0. 00
Eu 1 2. 1 1
Yb 1 3.65
Lu 1 0.63
Hf 1 6 . 0
Table 5-15. Whole-rock geochemical data for the porphyritic micro-










Al O 2 3 1 16. 29





Na O 1 4.56
k 2o 1 4.38













Sm 1 1 2 . 0 0
Eu 1 2.39
Yb 1 4.13
Lu 1 0 . 6 8
Hf 1 6.9
Table 5-16. W h o l e - r o c k  g e o c h e m i c a l
Mi l t o n  C o mplex.





SAMPLE Si02 Ti02 M 2°3 Fe O 2 3 FeO MnO MgO CaO Na20 *2° P O 2 5 LOI SON
UPPER
BORDER
93.9 1971 50.23 1.13 16.88 5.60 2.54 0.14 5.27 9.09 2.87 1.93 0.50 3.74 99.92
ZONE 91.7 1972 50.67 1.10 17.57 5.36 2.73 0.13 5.42 8.65 3.06 2.00 0.50 2.74 99. 93
82.6 1975 52.44 1.45 15.54 5.82 2.49 0.16 4.50 7.26 3.69 3.13 0.75 2.64 99.87
UPPER 75.3 1978 51.77 1.07 16.43 6.47 1.47 0.13 5.05 7.48 3.43 2.42 0.46 3.56 99.74
ZONE 75.1 1979 53.88 1.68 14.35 5.46 3.15 0.21 4.23 5.69 3.80 3.26 0.96 2.83 99.50
70.7 1981 49.38 1.07 17.60 4.96 3.29 0.14 5.12 8.90 3.38 1.83 0.45 3.44 99.56
60.4 1985 49.77 1.24 16.18 6.33 3.76 0.17 5.47 8.25 3.83 2.28 0.57 2.23 100.18
LOWER 46.9 1989 48.56 1.07 16.87 6.40 2.37 0.13 6.63 9.07 2.90 1.52 0.39 3.76 99.67
26.2 1994 48.89 0.91 16.59 5.82 3.84 0. 14 7.08 8.67 3.20 1.53 0.42 2.83 99.92
ZONE 19.8 1996 49.22 1.04 16.78 6.52 2.32 0.13 6.38 7.92 3.17 2.19 0.44 3.65 99.76
LOWERBORDER
16. 2 1999 50. 22 0.98 18.00 5.50 2.37 0.13 5.65 7.99 3.29 2.31 0.42 3.33 100.19
ZONE 3.7 2003 49.40 1.07 16.91 4.37 3.86 0.14 5.72 9.03 3.01 2.19 0.47 3.61 99.72





SAMPLE Y Sr Zr U Rb Th Pb Ga Zn V Co Sc La Ce Sm Eu Yb Lu Hf
UPPER 93.9 1971 25 870 122 1 45 3 11 16 65 299 25 20 20 45 5.06 1.41 2.13 0.34 3.0
BORDER
ZONE 91.7 1972 22 837 122 3 52 3 12 18 66 274
82.6 1975 36 71 3 190 2 87 5 17 20 51 316 18 22 30 66 5.87 2.05 2.90 0.47 4.6
UPPER 75.3 1978 26 803 159 1 75 3 1 3 23 108 235
ZONE 75.1 1979 46 765 236 2 99 6 15 20 77 347 17 19 38 87 9.16 2.47 3.56 0.55 5.8
70.7 1981 24 934 104 2 53 2 8 19 84 268 27 21 19 53 4.86 1.46 2.15 0.28 2.9
INJ
00
60.4 1985 1 100 1 4 18 333 26 24 22 51 5.68 1.68 2.41 0.34 3.2
LOWER 46.9 1 989 20 805 84 2 34 2 8 22 64 239 32 23 15 34 4.20 1.29 1.82 0.29 1.8
26. 2 1994 873 1 2 14 241 32 22 15 32 4.47 1.26 1.63 0.25 2.1
ZONE 19.8 1996 23 846 119 1 54 3 10 21 62 257 31 21 18 40 4.71 1 .40 1.82 0.26 2.9
16.2 1999 22 1026 103 1 66 3 14 18 58 214 25 18 17 36 4.49 1.38 1.81 0.26 2.7
LOWER
BORDER 3.7 2003 24 768 110 1 56 3 10 19 65 262 27 20 19 40 4.92 1.44 2.05 0.31 3.0
ZONE








Si02 3 50.10 0.64 49.40 50.67
T i ° 2 3 1 . 1 0 0.03 1.07 1.13
Al 0 2 3 3 17.12 0.39 16.88 17.57
FeO, 2 3 3 5.11 0.65 4.37 5.60
FeO 3 3.04 0.71 2.54 3.86
MnO 3 0.14 0 . 0 1 0.13 0.1 4
MgO 3 5.47 0.23 5.27 5.72
CaO 3 8.89 0.29 8.65 9.09
Na2° 3 2.98 0 . 1 0 2.87 3.06
k 2o 3 2.04 0.1 3 1 .93 2.19
P2°5 3 0.49 0 . 0 2 0.47 0.50
LOI 3 3.36 0.54 2.74 3.74
Y 3 24 2 22 25
Sr 3 825 52 768 870
Zr 3 1 18 7 1 1 0 1 22
U 3 2 1 1 3
Rb 3 51 6 45 56
Th 3 3 0 3 3
Pb 3 1 1 1 1 0 1 2
Gâ. 3 18 2 16 19
Zn 3 65 1 65 66
V 3 278 19 262 299
Co. 2 26 1 25 27
Sc 2 20 0 20 20
La 2 20 1 1 9 20
Ce 2 43 4 40 45
Sm 2 4.99 0 . 1 0 4.92 5.06
Eu 2 1.43 0 . 0 2 1.41 1.44
Yb 2 2.09 0.06 2.05 2.13
Lu 2 0.33 0 . 0 2 0.31 0.34
Hf 2 3.0 0 3.0 3.0
Table 5-19. W h o l e - r o c k  g e o c h e m i c a l  d ata for the b a s a l t  of the layered
l a c c o l i t h  of  the C o o n e m i a  Complex.







Si° 2 5 49.33 0.67 48.56 50.22
T i 0 2 5 1.05 0 . 1 2 0.91 1.24
A1 2°3 5 16.88 0 . 6 8 16.18 18.00
Fe2°3 5 6 . 1 1 0.43 5.50 6.52
FeO 5 2.93 0.79 2.32 3.84
MnO 5 0.14 0 . 0 2 0.13 0.17
MgO 5 6.24 0.67 5.47 7.08
CaO 5 8.38 0.48 7.92 9.07
Na2° 5 3.28 0.34 2.90 3.83
k 2° 5 1 .97 0.41 1 .52 2.31
P2°5 5 0.45 0.07 0.39 0.57
LOI 5 3.16 0.63 2.23 3.76
Y 3 22 2 20 23
Sr 5 930 1 27 805 1 1 0 0
Zr 3 1 0 2 18 84 1 19
U 5 1 0 1 2
Rb 3 51 16 34 66
Th 5 3 1 2 4
Pb 3 1 1 3 8 14
Gâ 5 19 3 1 4 2 2
Zn 3 61 3 58 64
V 5 257 45 214 333
Co 5 29 3 25 32
Sc 5 22 2 18 24
La 5 17 3 15 22
Ce 5 39 8 32 51
Sm 5 4.71 0.57 4. 20 5.68
Eu 5 1.40 0.17 1.26 1 . 6 8
Yb 5 1.90 0.30 1.63 2.41
Lu 5 0 . 28 0.04 0.25 0.34
Hf 5 2.5 0 . 6 1 . 8 3.2
Table 5-20. W h o l e - r o c k  g e o c h e m i c a l  data for the p o r p h y r i t i c  m o n z o -








Si02 4 51.87 1 . 8 8 49.38 53.88
Ti° 2 4 1.32 0.30 1.07 1 . 6 8
ALO, 2 3 4 15.98 1.38 14.35 17.60
Fe 2 3 4 5.68 0.64 4.96 6.47
FeO 4 2.60 0.83 1.47 3.29
MnO 4 0.16 0.04 0.13 0 . 2 1
MgO 4 4.73 0.43 4.23 5.1 2
CaO 4 7.33 1 .31 5.69 8.90
Na20 4 3.58 0 . 20 3.38 3.80
K2° 4 2 . 6 6 0.67 1.83 3.26
P2°5 4 0 . 6 6 0.25 0.45 0.96
LOI 4 3.1 2 0.45 2.64 3.56
Y 4 33 1 0 24 46
Sr 4 804 94 71 3 934
Zr 4 172 55 104 236
U 4 2 1 1 2
Rb 4 79 20 53 99
Th 4 4 2 2 6
Pb 4 1 3 4 8 17
Ga. 4 21 2 19 23
Zn 4 80 23 51 108
V 4 292 50 235 347
Co 3 21 6 17 27
Sc 3 21 2 19 22
La 3 29 10 19 38
Ce 3 69 17 53 87
Sm 3 6.63 2.25 4.86 9.16
Eu 3 1 .99 0.51 1 .46 2.47
Yb 3 2.87 0.71 2.15 3.56
Lu 3 0.43 0.14 0.28 0.55
Hf 3 4.4 1 .4 2.9 5.8
Table 5-21. W h o l e - r o c k  g e o c h e m i c a l  data for the m o n z o n i t e  of the










3 51.49 0 . 2 0 51.26 51 .61
Tier
2 3 1.28 0 . 0 0 1.28 1.28
Al O 2 3 3 16.95 0.09 16.89 17.05
Pe2°3 3 4.75 0.13 4.60 4.84
FeO 3 4.92 0.13 4.77 5.02
MnO 3 0.17 0.07 0 . 1 1 0.25
MgO 3 4.43 0 . 1 2 4.32 4.55
CaO 3 7.73 0 . 1 1 7.66 7.85
Na 0 
2
3 3.51 0.06 3.46 3.58
k 2o 3 2.34 0.03 2. 31 2.36
Vs 3 0.69 0 . 0 1 0 . 6 8 0.71
LOI 3 1.55 0.13 1.41 1 .67
Y 3 29 1 28 29
Sr 3 744 52 684 779
U 1 2
Rb 3 68 1 67 69
Th 1 4
Zn 3 75 7 69 82
Cu 3 224 34 186 249
Ni 3 4 1 4 5
Cr 1 1 1
V 1 318
Co 1 36


























Na O 1 2.32
K2° 1 1.14




















Minimum Maximum Minimum Maximum
Si02 49.49 60.64 47.84 54.58
Ti0 2 0.55 1.57 0.40 1 . 6 8
A1 2°3 14.78 19.86 13.31 19.16
Fe 0_ 2 3 0. 23 6.98 1 . 2 0 6.93
FeO 1.60 5.40 1.47 7.83
MnO 0.06 0.31 0.09 0. 27
MgO 0.84 4. 30 2.41 7.74
CaO 2.03 8.79 4.82 11.17
Na O 2.54 5.16 2 . 0 2 4.61
k 2o 2.30 7.53 1.14 4.38
P 0 2 5 0.33 1.09 0. 24 0.96
Y 17 55 17 46
Sr 252 2275 584 1 267
Zr 1 1 0 460 84 236
U 1 1 2 1 5
Rb 27 259 25 1 34
Th 2 18 2 9
Pb 1 2 56 8 30
Gâ 10 26 14 23
Zn 53 1 28 41 1 27
Cu 58 458 1 14 296
Ni 2 35 4 14
Cr 3 41 8 8
V 96 336 181 347
Co 1 1 49 17 42
Sc 10.5 20.3 14.9 30. 7
La 25 47 15 40
Ce 52 94 32 88
Sm 5.55 9.05 4. 20 1 2 . 0 0
Eu 1.48 1 .94 1 . 1 0 2.47
Yb 1 . 8 8 4.47 1 .63 4.13
Lu 0.30 0.70 0.25 0 . 6 8
Hf 2 . 6 9.8 1 .80 6.9
Table 5-24. Comparison of whole-rock geochemical data for extrusions 
and intrusions of the Late Permian petrographic province.
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SHOSHONITIC ROCK ASSOCIATION LATE PERMIAN PETROGRAPHIC PROVINCE
(Morrison, 1980) (Present study)
Basalts near saturated in silica Rocks with <53% Si02 are near sat­
urated and range from Ne-normative 
to Q-normative (Fig. 6-1)
High F e ^ O ^ / F e O (>0.5) High Fe20^/FeO, mainly greater than 
0.5 (Fig. 6-2)
Flat trend on AFM diagram Flat trend on AFM diagram (Fig. 5-31)
High total alkalis High total alkalis with Na 0 + K 0  ̂ 2 2
Na 0 + K O  >5% 
2 2 generally >5% (Fig. 5-30)
High K 0/Na20 (>0.6 at 50% Si02? 
>1 at 55% Si02)
High K20/Na20 (>0.6 at 50% SiO^
most >1 at 55% SiO ; Fig. 6-3)
2
Steep positive slope on K20 
versus Si0 2 at low Si0 2 
(<0.5 at 45-57% Si0 2 but zero 
or negative at >57% Si02)
Steep positive slope on K20 versus 
Si0 2 at low Si0 2 but negative at 
>57% Si02 (Figs 5-6, 5-28, 6-4)
Enrichment in P, Rb, Sr, Ba, Pb Enriched in LIL elements compared
and light REE to other rocks of similar SiO2
content.
Low Ti02 (<1.3%) Low Ti02 (mainly less than 1.3% but 
ranges up to 1.68%) (Table 5-24)
High but variable A120^ n^-19%) Variable Al2° 3  (13.31-19.86%), commonly 
greater than 16%
Table 6-1 . Geochemical characteristics of the shoshonite association 
compared with the relevant features of the Late Permian petrographic
province
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A B C D
Si° 2 50.58 50.16 51.78 52.9
Ti02 1.15 0.69 1 . 0 2 0.9
fii2o3 16.47 17.70 18.37 15.4
Fe2°3 5.03 4.58 8.75 3.0
FeO 4.39 3.88 6.4
MnO 0.17 0.15 0.16 0 . 2
MgO 5.05 5.63 4.42 3.7
CaO 8.05 6.05 8.4 7.7
Na20 3.35 3.58 3.16 3.0OCNu: 2.47 3.68 2 . 6 6 3. 1
p2°5 0.52 0.45 0.5
LOI 2.75 1.97 3.0
Y 27
Sr 837 875 618
Zr 137 90
u 4





Cu 180 1 05 44
Ni ' 1 2 16 47
Cr 17 1 35 65
V 260 21 3 221
Co 28








Table 6-2. Compilation of mean whole-rock major and trace element
data for shoshonitic intrusions with between 47 and 53% SiO • A =
2
southern Sydney Basin (present study); B = New Guinea (Smith, 1972); C = 
France (Pagel & Leterrier, 1980); and D = Mesozoic of eastern Australia 
(Sutherland, 1973).
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A B C D
Si° 2 53.80 54.88 56. 34 53.3
Ti02 1.30 0.70 1 . 0 0 1 . 2
a i 2o 3 16.80 16.00 17.82 1 5.5
Fe2°3 3.71 4.14 7.44 4. 2
FeO 4.87 3.59 5.3
MnO 0.23 0.15 0.15 0 . 2
MgO 2.74 6. 26 3.02 3.6
CaO 6.30 4.64 4.68 7. 9
Na20 4.02 3.53 3.96 3.3
k 2o 3.52 4.33 3.69 2.7
P2°5 0.64 0.45 0 . 6
LOI 1 .67 1.25 2 . 2






Cu 296 73 30
Ni 35 25
Cr 175 28





Sm 1 1 . 0 0
Eu 2.25
Yb 3.89
Lu 0 . 6 6
Hf 6.5
Table 6-3. Compilation of mean whole-rock major and trace element
data for shoshonitic intrusions with between 53 and 57% SiO • A =
2
southern Sydney Basin (present study); B = New Guinea (Smith, 1972); C = 
France (Paqel & Leterrier, 1980); and D = Mesozoic of eastern Australia 
(Sutherland, 1973).
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A B C D E F G H I J K L H N 0 P
Si02 S1 .97 49.64 51 .97 50. 29 49.8 49.5 49.95 50.81 49. 2 51.18 52.07 50.59 49.48 48.35 50.87 51. 16
tio2 i .03 0.81 0.87 0.61 0.69 2.11 1.49 1.15 0.8 1.25 0.77 0.86 0.81 0.90 0.92
a i 2 o 3 17.55 1 8. 32 15.01 16.86 14. 1 15.3 15.33 16.28 15.0 1 7. 1 4 15.76 14.59 17.45 17.72 17. 15
Fe203 4.91 4. 16 3.53 4.80 2.78 9.69 4.21 4.23 8.92 4.63 4.51 2.15 3.04 4. 54
FeO 3.95 4.45 4.34 3.60 7.43 6.38 4.49 5.02 4.52 3.73 5.29 4.84 2.09
MnO 0. 17 0. 72 0.15 0. 1 7 0.15 0.14 0. 21 0.16 0. 1 7 0. 19 0. 14 0.15 0. 15 0. 10
MgO 3.50 3.25 6.00 5.40 6.67 7. 32 5.20 6. 57 7.0 4. 24 4.80 8. 18 7.50 5.04 4.82
CaO 6.92 7.95 7.92 9.57 11.31 6.72 4.48 8.98 10.7 10.06 7. 11 7.38 11.43 9.72 7.19
Na 20 3. 34 3.59 2.99 2.78 3.21 4.16 2.58 3.04 2.8 3.35 4.10 2.83 3.46 2.74 2.79 2.55
K20 3. IS 4.92 3.39 2.97 1.97 2.30 5.85 2.32 3.0 3.11 3.02 3.19 3.19 2.80 3.12 3. 36
p2°5 0.60 0.63 0.49 0.42 0.66 1.10 0.62 0. 33 0.44 0.57 0. 28 0.62 0.21
LOI 2.86 0.95 3.00 2. 19 1.87 4.37 1.36 1.55 2.60 3.51 1.06 0.29 5. 27
y 31 18 16 30 1 3 14.5 22 30
S r 1132 935 896 893 1173 512 921 1 358 91 6 795 249
Z r 221 122 421 1 35 67 141 1 11 122 89 201 139
u 4 1 11 1
Rb 100 105 31 1 79 58 74 80 1 1 5 1 26 121 100 81
Th 6 1.2 2 28 5.9 10.5 12
Ph 21 71
Ga 21 17 19
Zn 83 100 1 52 71 69 52
CM 161 77 148 1 80 79 1 31 106
Ni 1 7 68 32 129 214 27 35 28 1 78 167 60 13
C r 22 21 7 88 434 86 88 61 4 660 259
V 21 4 1 72 309 1 1 2 200 208 238
Co 29 28 18 42 16 41 40 30
Sc 17.8 23 23.5 1 4 35 19
La 27 70 1 1 1 10 33 26 38 32 35 61
Ce 58 80 22 175 63 61 71 78 74 1 30
Sm 6. 15 3.6 5.91 5.98 8. 3 7.0 10.8
EM 1.68 1.2 1.70 1.71 2.1 1.68 2.64
Yb 2.47 1.3 2.26 1.10 2.7 2. 1 2.70
Lu 0.40 0. 35 0.24 0. 32 6.42
Hf 3.8 0.9 2.6 3.0
Table 6-4. Compilation of mean whole-rock major and trace element data 
for shoshonitic basalts. A = southern Sydney Basin (present study); B = 
Java and Celebes (Iddings & Morley, 1915); C = Wyoming (Nicholls & 
Carmichael, 1969); D = Fiji (Gill, 1970); E = Puerto Rico (Jolly, 1971); 
F = Torres Strait (Willmott, 1972); G = Devonshire (Cosgrove, 1972); H = 
New Guinea (Mackenzie & Chappell, 1972); I = Aeolian Islands (Keller, 
1974); J = Andes (Dostal et al., 1977); K = Bulgaria (Boccaletti et al., 
1978); L = Wyoming (Gest & McBirney, 1979); M = Bulgaria (Manetti et 
al., 1979); N = Latium (Civetta et al., 1981); 0 = Stromboli (Dupuy et 
al., 1981); and P = Greece (Pe-Piper, 1983).
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A B C E G H I K L H P 9
SiC>2 54.83 55.16 53.98 55.8 55.02 54.80 54.7 54.68 53.60 55.11 53.99 54.43
T i02 1 .03 0.79 0.96 0.81 1.33 1.11 0.8 0.68 0.77 0.95 0.80
a i2o3 16.54 18.71 16.30 16.7 15.83 18.13 18.4 15.34 17.06 18.56 16.21
Fe2°3 4.27 2.31 4.13 9.23 3.44 3.48 4.85 3.79 4.11 2.22
PeO 3.28 4.43 3.90 6.00 4.63 4.00 3.10 3.46 1.90 5.05
MnO 0.16 0.46 0.11 0.12 0.10 0.16 0.14 0.17 0.12 0.07 0.14
MgO 3.15 2.63 4.51 3.53 4.86 3.12 3.0 3.93 4.01 2.99 5.61
CaO 5.41 5.72 7.09 4.78 5.42 7.94 6.3 5.33 5.16 8.28 8.90
Na 2^ 3.67 3.77 3.61 3.79 3.50 3.27 3.9 3.32 4.92 3.82 3.22 2.87
k2o 4.48 4.40 2.54 4.37 2.56 1.94 4.7 5.97 3.66 5.71 2.95 3.46
p2°5 0.75 0.32 0.49 0.1 9 0.53 0.47 0.45 0.64 0.27 0.36
LOI 2.31 1.06 2.14 2.84 1.27 0.7 2.19 3.20 2.23
Y 31 20 20 17 31
Sr 794 1115 261 676 1 350 308
Zr 170 1 45 1 28 126 143 149
u 4 1 2
Rb 112 50 61 109 47 165 92
Th 6 4 9 12
Pb 26 36
Ga 1 7 20 20
Zn 80 110 245 83 100
Cu 232 60 216 46 157 18
Ni 12 45 80 76 12 21 22 6
Cr 8 100 1 73 24
V 258 175 127 175 217
Co 21 18
Sc 18. 3
La 29 80 27 46 32






Table 6-5. Compilation of mean whole-rock major and trace element 
data for shoshonitic basaltic andesites. A = southern Sydney Basin 
(present study); B = Java and Celebes (Iddings & Morley, 1915); C = 
Wyoming (Nicholls & Carmichael, 1969); E = Puerto Rico (Jolly, 1971); G 
= Devonshire (Cosgrove, 1972); H = New Guinea (Mackenzie & Chappell, 
1972); I = Aeolian Islands (Keller, 1974); K = Bulgaria (Boccaletti et 
al., 1978); L = Wyoming (Gest & McBirney, 1979); M = Bulgaria (Manetti 
et al., 1979); P = Greece (Pe-Piper, 1983); and Q = Greece (Pe-Piper, 
1980).
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A B C E G I J K M 0 0 R
Si O2 59.83 59.77 60.07 58.2 57.17 58.6 61.38 58.76 58.78 59.48 59.88 61.0
Ti02 1.17 0.50 0.63 1.06 1.52 0.6 0.73 0.73 0.64 0.75 1.08
a12°3 16. 24 19.14 15.02 17.9 18.60 16.3 17.86 16.44 18.17 17.47 15.7
Fe2°3 3.27 1.81 1.36 6.77 3.75 5.56 3.36 2.81 3.05
FeO 2.61 2.06 3.95 5.7 2.45 2.80 2.04 2.16 6.3
MnO 0.14 0.33 0. 11 0.07 0.09 0.12 0.25 0.11 0.10 0.10
MgO 1.58 0.90 5.21 2.74 2.77 2.6 1 .81 1.29 1 .64 3.01 3.25
CaO 3.13 2.81 5.72 3.19 1 .67 4.9 4.39 3.38 4.92 6.61 5.45
O<N3 3.90 5.07 3.67 3.19 1.22 4. 1 4.28 5.31 5.31 4.14 3.64 2.4
k2o 5.56 6.18 2. 26 5.64 4.45 5.6 3.53 5.59 5.59 4.18 3. 19 3.2
P2°5 0.55 0.18 0.17 1 .65 0. 34 0.37 0.55 0.27
LOI 1.82 1.00 1.62 4.80 0.4 1.73 0.79 0.9
Y 42 10 37 25
Sr 357 725 1830 930 690 788 567 320
zr 351 125 577 277 210 1 24 294
u 7 2 17
Rb 179 35 98 476 235 1 30 99 1 20 129
Th 14 5 54
Pb 26 40
Ga 18 20 20
Zn 90 95 1 04 55 57
Cu 83 40 247 20 93 48
Ni 12 190 46 195 12 5 55
Cr 9 370 72 23 30
V 179 100 60 1 20 88
Co 11 12 33 3 10
Sc 13.9 7
La 47 40 289 58 42 35 71
Ce 94 50 398 1 43 85 68 142
Sa 9.05 7.02 6. 5
Eu 1.82 1.86 2.3
Yb 4.47 2.08 3.7
Lu 0.70 0. 32 0.60
Hf 9.8
Table 6-6 . Compilation of mean whole-rock major and trace element 
data for shoshonitic andesites. A = southern Sydney Basin (present 
study); B = Java and Celebes (Iddings & Morley, 1915); C = Wyoming 
(Nicholls & Carmichael, 1969); E = Puerto Rico (Jolly, 1971); G = 
Devonshire (Cosgrove, 1972); I = Aeolian Islands (Keller, 1974); J = 
Andes (Dostal et al., 1977); K = Bulgaria (Boccaletti et al., 1978); M = 
Bulgaria (Manetti et al., 1979); 0 = Stromboli (Dupuy et al., 1981); Q = 
Greece (Pe-Piper, 1980); and R = Andes (Deruelle, 1978).
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Plagioclase K-feldspar Olivine Clinopyroxene Magnetite
La 0.15 0. 04 0. 01 0. 10 0. 50
Ce 0 . 1 0 0. 04 0. 01 0. 1 0 0. 60
an 0.05 0. 02 0. 01 0. 30 o . o
Eu 1 . 0 0 1 . 1 0 0. 01 0. 40 0. 60
Yb 0.03 0. 01 0. 03 0. 50 0. 40
Lu 0. 03 0. 01 0. 03 0. 50 0. 40
Sc n n 0. 5 3. 0 3. 9
Co n n 3. 0 2. 0 28. 0
n = negligible
Table 7-1 . Mineral/liquid partition coefficients for trace elements
used to evaluate various fractionation models. Values areappropriate
for basaltic■ rocks and are based on data from Irving (1978) and Nicholls
& Harris (1980).
Parent P lag ioclase Clinopyroxene O liv ine Fe-Ti oxide K-feldspar
S i02 50.10 5 2 . 9 4 50.99 40.36 0.38 65.78
T i02 1 . 1 0 n .d . 0.74 0.03 12.90 n.d.
A I 2 O 3 1 7 . 1 2 2 9 . 2 8 2 . 8 3 0.03 2.57 19.08
FeO 7 . 4 8 0 . 7 7 8 . 4 0 1 5 . 3 2 76.94 0.20
MnO 0.14 n . d 0.13 0.30 1.02 n.d.
MgO 5 . 4 7 0 . 0 4 1 5 . 7 2 44.02 1.00 n.d.
CaO 8 . 9 2 1 1 . 6 5 20.54 0.30 0.38 0.37
Na20 2 . 9 8 4 . 5 8 0 . 3 7 0.04 n.d. 5 . 5 1
k 2 o 2 . 0 4 0 . 7 2 n .d . 0.02 n.d. 8.92
P2o5 0.49 n«d • n .d. 0.00 n.d. n .d .
Parent = mean o f analyses o f upper and lower border zones.
P lag ioc lase  = mean o f analyses o f p lag ioc lase  phenocrysts in upper and lower border zones.
Clinopyroxene = mean o f analyses o f clinopyroxene phenocrysts in upper and lower border zones.
O liv in e = mean o f analyses o f o l iv in e  from Joplin e t  a l . ,  1972.
Fe-Ti oxide = mean o f analyses o f Fe-Ti oxide in upper and lower border zones.
K-fe]dspar = mean o f analyses o f K -feldspar in lower zone.
Table 7-2. Input data for evaluation of various fractionation models
for the layered laccolith of the Coonemia Complex
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INPUT DATA
PRNT PLAG CPX OLIV 1999
Si°2 50.10 52.94 50.99 40. 36 50.22
Ti02 1.10 0 . 0 0 0.74 0.03 0.98
a i 2o 3 17.12 29.28 2.83 0.03 18.00
FeO 7.48 0.77 8.40 15.32 7.32
MnO 0.14 0 .0 0 0.13 0.30 0.1 3
MgO 5.47 0.04 15.72 44.02 5.65
CaO 8.92 11.65 20.54 0. 30 7.99
Na20 2.98 4.58 0. 37 0.04 3. 29
k 2o 2.04 0. 72 0 .0 0 0 .02 2. 31
p2°5 0.49 0 .0 0 0 . 0 0 0 .0 0 0.42
RESULTS
ESTIMATED 1999 OBSERVED 1999 DIFFERENCE
s i 0 2 50.17 50.22 - .0484
Ti02 1.07 0.98 .0938
a i 2o 3 1 8.09 18.00 .091 1
FeO 7.48 7.32 .1586
MnO 0.14 0. 1 3 . 0 1 1 8
MgO 5.64 5.65 - . 0 1 1 2
CaO 8.04 7.99 .0504
Na20 3. 1 4 3.29 - .1459
k 2o 2 . 1 0 2. 31 - .2066
p2°5 0.50 0.42 .0804
COMPONENT WEIGHT FRACTION




SUM OF SQUARES OF DIFFERENCES = 0. 1 1 78
Table 7-3. Results of models for derivation of sample 1999 from the 
mean composition of the border zones by the fractionation of plagio- 
clase, titanmagnetite and olivine.
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ÜJ
E- O o o c o O o O
> £ Z £ £ z £ £ £
CL u u O U o u u U
Ci a. Cu a Cl On Cl a. O'
1 975 .5 3 3 2 1 .1 7 8 5 1 . 3994 . 7225 3. 1543 5. 2383 2. 351 4 5 . 591 3 5. 891 7 1 .5 6 9 9 5. 9759 5. 261 0 6. 1684 1 .6 5 6 0 6, 71 59
UPPER 1 97S . 3514 2. 8264 2. 8501 ., 8338 3. 0022 3 . 94 0 7 3. 7035 4 . 3948 4. 1883 4. 4163 4 . 6402 4. 8038 4 .3 9 8 4 4. 5428 4. 6464
ZONE 1 979 1 .1 9 5 4 1 2 .0 8 4 0 1 3. 4033 7 . 3936 1 5. 8064 1 7. 91 68 2 2 . 4384 2 4. 3516 3 1 .7 2 4 4 3 1. 7323 3 2. 321 5 3 2 . 3529 3 2 . 1569 3 2. 2202 3 2. 3850
1 961 .1 3 4 9 . 5435 .1 3 5 8  ., 1460 . 5436 . 6322 . 1462 . 6410 . 401 3 . 5689 . 51 80 . 7212 . 4476 . 5834 . 7801
1 985 .9311 1 .7 6 0 8 1 .2 4 8 7  . 9870 1 .9 2 5 6 2. 7870 1 .3 4 9 8 3. 1810 1. 81 04 5. 31 22 1. 81 98 5. 4080 1. 92 23 5. 9505 1. 93 74
LOWER 1 969 .60 4 5 1 .6 8 31 1 .0 2 8 8  1. 9778 2. 6869 1 .7 5 92 2. 6546 2. 9506 1. 4318 1 * 8044 1 .4 7 4 8 1. 8264 2. 0785 2. 7567 2. 6009
ZONE
1 994 .291 9 2. 182 5 . 3516 2. 51 66 3. 7841 2. 283 8 2. 7250 3. 7847 .6281 2. 2892 .6 3 1 9 2. 3324 2. 5995 5. 3798 3, 4874
1996 .081 7 . 1494 . 6475 1. 0481 1 .0 5 5 4 1. 0084 1. 4341 1. 5831 . 1223 . 3562 . 693 2 1 .0 2 0 7 1. 83 82 2. 5039 1. 8384
1 999 .0 6 5 0 . 1 1 78 1 .2 6 9 4  .. 5429 . 672 3 1 . 31 1 7 1. 5650 1. 571 0 . 0689 . 1 830 1. 7983 1. 8350 . 6877 . 71 23 1. 7987
> * * XL * iL * * x X X XL X.
e- o o o o o o O o
£ £ £ £ £ z £ £
CL U u U u CJ u U O
C Oh Cu a Cu CL Pm a a
1 975 . 4496 . 51 59 . 5770 .. 5032 . 691 5 2. 5858 . 7233 2. 5971 . 881 3 . 6778 2. 8597 2. 6525 1, 0039 . 81 36 4, 6059
1978 . 3400 . 391 4 .4 1 8 7  . 3969 . 3982 . 455 3 . 41 88 . 4628 . 4958 1. 0820 . 671 4 1. 0990 . 5902 1. 3335 i .  0748
1 979 l . 1901 1 .7 7 6 9 2. 0365 2.. 7657 3. 2473 2. 3286 2. 8206 3. 9675 3. 3672 1 3. 9557 7. 7526 1 4. 7786 3- 425 3 1 S. 0280 1 0, 4229
P = p l a g i o c l a s e ;  C *  c l  in o p y r  o x e n e  ; O = o l i v i n e ;  M -  F e - T i  o x i d e ;  K = K - f e l d s p a r
Table 7-4. Sums of squares of differences for various fractionation 
models for the derivation of the rocks of the layered laccolith of the 
Coonemia Complex from the mean composition of the border zones. Under­
lined values are too high for the model to be plausible.
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TOTAL ROCK PLAGIOCLASE CLINOPYROXENE Pe-■ n  OXIDE OLIVINE
PM M MM PM M MM PH M MM PM M MM
S i c 2 51.96 54.58 53.61 55.20 54.09 52.83 50.03 51.05 50.53 0.22 0.32 0.43 40.36
T!02 1.25 1 . 37 1 . 28 n .d. n *d. n.d. 0.92 0.78 0.80 17.23 23.13 23.58 0.03
A1 pO ̂ 17.66 16. 29 16.93 28.18 28.30 29.49 3.36 2.24 2.96 1.52 1.26 2.70 0.03
FeO ' 8. 38 7.90 8. 27 0.54 0.56 0.74 9.19 9.86 9.16 74.87 68.81 68.29 15. 32
MrO 0.19 0.19 0.24 n .d • n.d. n.d. 0.16 0.34 0.24 0.95 1.59 0.76 0. 30
MgO 3.43 2.60 2.78 0.18 0. 22 0. 18 14.56 14.13 14.75 0.44 0.23 1.90 44.02
CaO 6.57 4.82 6.67 10.07 10.28 11.97 21.13 20.93 2 1 . 2 3 0 . 4 2 0 . 2 4 0 . 1 4 0 . 3 0
Na20 4.05 4.56 3.88 5.62 5.67 4.67 0.51 0.46 0 . 4 2 n«d. n.d« n.d« 0 . 0 4
k2o 3.14 4. 38 3.31 0.60 0.57 0.45 n . d . n -d • n * d . n.d. n.d. n .d. 0.02
p2o5 0.61 0.80 0.60 n * d . n . d  . n . d  « n . d  • n.d. n.d. n.d. n.d« n.d« n.d .
PM - por phyr i tic monzonite ¡ M » ronzoni te ¡ MM - porpíiyr i tic ■lcFoaonzonitc
Table 7-5. Input data for evaluation of various fractionation models 
for the Milton Complex.
f- c O C C C o o O
i- > z z z z z z z z
Î * L V o o u L o o
- - u - CL a Û. CL a
M . 4060 7. 1463 2. 1340 1 .6803 7. 824 1 8. 1 731 5. 6754 6. 1466 10. 1242 1 0. 7328 1 0. 8091 1 1. 3315 1 0. 2450 1 0. 771 5 1 0. 8347
KM . 1 856 1 .0907 . 3396 1. 3705 1. 9759 1. 392 7 1. 3782 1.9901 1 .65 3 5 1 .6964 2. 0052 2. 0679 2. 0104 2. 1 208 2. 1027
MM
M . 5321 2. 3037 3. 0632 .6104 2. 3647 4. 4428 3. 51 21 4. 8381 3 . 901 6 4 . 2385 6 .0 8 4 0 6 . 2953 4 . 8726 5 . 01 63 6 .1 0 2 3
FW .1192 . 6559 . 3314 1.0663 1 .63 8 8 . 94 56 1 .07 0 9 1 .63 9 0 1 .59 2 7 1 .64 0 8 1. 8830 1 .9532 1 .93 4 8 2. 0588 1.991 6
MM . 3851 1 .90  3 5 2 .58 4 0 . 41 71 1 .9 4 1 9 4. 0518 3. 1 247 4 .54 8 4 3. 7213 3 . 9377 5 . 9749 6 .1 6 3 4 4 .4 9 8 2 4 . 5994 5 . 974 7
W . 3066 4 .04 4 0 1.1021 . 9757 4. 6700 4. 7920 3. 4754 7. 01 85 9 .2 0 3 5 9 .6 5 4 0 1 0. 0531 1 0 .4 7 8 6 9 . 2674 9 . 6734 1 0. 1649
PM = f i r p h y r i t i c  m onzon i te ?  M M  = porphyritic micrononzoni t e  ; M -  m o n a om te?  
P e plaqiocla9e; C = clinopyroxenej 0 * olivine; a n d  M » F e - T i  oxide
Table 7-6. Sums of squares of differences for various fractionation 
models for the rocks of the Milton Complex. Underlined values are too
high for the model to be plausible
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TOTAL ROCK PLAGIOCLASE CLINOPYROXENE Fe-Ti OXIDE OLIVINE
M B M B M B M B
Si02 49.87 49.22 54.03 51.82 50.73 50.21 0.24 0.26 40.36
T i 0 2 1.03 0.89 n.d. n.d. 0.51 0.48 1 1 . 1 2 7.03 0.03
A1 2°3 15.40 14.84 28.42 30.04 2.81 3.76 2.24 1.16 0.03
FeO 10.27 10.58 0.78 0.80 9.56 9.06 79.35 82.63 15.32
MnO 0 . 2 0 0.13 n.d. n.d. 0.18 0 . 1 1 0.71 0.60 0.30
MgO 5.99 5.72 0. 21 0.17 14.78 14.78 0.58 0.33 44.02
CaO 9.53 9.03 10.96 12.44 20.98 21.44 0.29 0.47 0.30
Na20 2.87 2.80 4.85 4.00 0.32 0.32 n.d. n.d. 0.04
k2° 2.14 2.53 0.72 0.58 n.d. n.d. n.d. n.d. 0. 02
P2°5 0.40 0.38 n.d. n.d. n.d. n.d. n.d. n.d. 0.00
M « monzogabbro; B = basalt
Table 7-7. Input data for 
for the Termeil Complex.

























s a* Q* A & 0« 0« Pi 0*
B AS MONZ .1001 .1098 .2620 .1590 .1620 .2660 .3769 .4064 .4720 .6414 .5045 .7109 .4767 .6692 .5053
MONZ BAS .0829 .1527 .3342 .1813 .2094 .3356 .4239 .4535 .4878 .6551 .5017 .6889 .4903 .6751 .5019
BAS - basalt; MONZ - nonzogabbro; P = plagioclase; C « c 11 nopyroxene; M = Fe-Ti oxide; O = olivine
Table 7-8. Sums of squares of differences for various fractionation 
models for the rocks of the Termeil Complex. Underlined values are too 
high for the model to be plausible.
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MINUMURRA
ROCK PLAGIOCLASE CLINOPYROXENE OLIVINE Fe-Ti OXIDE
Si02 50.46 50.86 49.75 40.36 0.26
Ti0 2 0.75 n.d. 0.67 0.03 8 . 8 8
Al2° 3 18.94 30.79 4.25 0.03 3.69
FeO 7.43 0.63 8.35 15.32 78.50
MnO 0.14 n.d. 0.08 0.30 0.63
MgO 3.12 n.d. 13.95 44.02 1.69
CaO 7.71 13.36 22.28 0.30 0.16
Na 0 3.76 3.52 0.46 0.04 n.d.
k2o 2.81 0.67 0 . 0 2 0 . 0 2 n.d.
P 0 2 5 0 . 6 6 n.d. n.d. n.d. n.d.
BLOW HOLE
ROCK PLAGIOCLASE CLINOPYROXENE OLIVINE Fe-Ti OXIDE
sxo2 51.48 48.18 51.18 40.36 0.28
T i 0 2 1.28 n.d. 0 . 6 6 0.03 8.67
A1 2°3 16.65 32.50 2.87 0.03 2 . 6 8
FeO 9.43 0.52 8.81 15.32 79.63
MnO 0 . 2 1 n.d. 0 . 2 0 0.30 0.97
MgO 3.96 0.16 15.12 44.02 0.49
CaO 7.39 15.70 20.03 0.30 0.18
Na20 3.14 2.58 0.29 0.04 n.d.
k 2° 3.04 0.27 n.d. 0 . 0 2 n.d.
P2°5 0.75 n.d. n.d. n.d. n.d.
BERKLEY
ROCK PLAGIOCLASE CLINOPYROXENE OLIVINE Fe-Ti OXIDE
SiO„
2 52.06 52.64 49.98 40.36 0.30
Ti0 2 0.89 n.d. 0.71 0.03 8.45
Al2°3 18.59 29.45 3.42 0.03 1.67
FeO 8.18 0 . 6 8 9.36 15.32 81.95
MnO 0.15 n.d. 0 . 1 2 0.30 1.89
MgO 2.84 0.35 13.85 44.02 0.13
CaO 5.15 12.15 22.15 0.30 0 . 2 0
Na20 3.00 4.11 0.29 0.04 n.d.
k 2° 4.54 0.83 n.d. 0 . 0 2 n.d.
P2°5 0.77 n.d. n.d. n.d. n.d.
Table 7-9. Input data for evaluation of various fractionation models 
for the extrusions which are listed in order of increasing Si0 2 content.
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DAPTO
ROCK PLAGIOCLASE CLINOPYROXENE OLIVINE Fe-Ti OXIDE
Si02 52.53 54.87 50.14 40.36 0.36
TiOz 1.06 n.d. 0.79 0.03 14.53
Al2° 3 17.21 27.85 2.25 0.03 4.90
FeO 8.09 0.46 10.39 15.32 74.09
MnO 0.14 n.d. 0.28 0.30 0.47
MgO 3.62 0.04 14.72 44.02 1.44
CaO 6.84 10.19 19.80 0.30 n.d.
Na O 
2 3.43 5.1 2 0.34 0.04 n.d.
* to o 3.07 1 .03 n.d. 0 . 0 2 n.d.
P2°5 0.45 n.d. n.d. n.d. n.d.
SADDLEBACK
ROCK PLAGIOCLASE CLINOPYROXENE OLIVINE Fe-Ti OXIDE
Si02 52.96 54.90 50.85 40.36 0 . 1 0
Ti0 2 0.97 n.d. 0.65 0.03 14.64
AIO, 2 3 17.18 27.84 2.65 0.03 3.32
FeO 8.73 0.69 10.64 15.32 75.22
MnO 0 . 2 2 n.d. 0 . 2 1 0.30 1.04
MgO 3.57 0.39 15.20 44.02 0 . 6 6
CaO 7.57 10.58 19.50 0.30 0.08
Na O 3.31 4.95 0. 22 0.04 n.d.
k 2o 2.58 0.94 n.d. 0 . 0 2 n.d.
0.50 n.d. n.d. n.d. n.d.
CALDERWOOD
ROCK PLAGIOCLASE CLINOPYROXENE OLIVINE Fe-Ti OXIDE
Si° 2 53.52 53.06 50.66 36.95 0.14
Ti0 2 1 . 1 2 n.d. 1 . 1 1 0.05 19.88
fll2°3 17.57 29.47 2.83 0.05 1.41
FeO 8.57 0.40 10.51 25.84 72.20
MnO 0.15 n.d. 0. 20 0.91 1.80
MgO 3.40 n.d. 14.16 35.77 0.49
CaO 6.65 11.70 20.96 0. 22 n.d.
Na2° 3.06 4.42 0.33 0.05 n.d.
K ° 3.04 0 . 8 6 n.d. 0.04 n.d.
0.34 n.d. n.d. n.d. n.d.
Table 7-9 (continued). Input data for evaluation of various fraction-




ROCK PLAGIOCLASE CLINOPYROXENE OLIVINE Fe-Ti OXIDE
SiO„2 54.76 52.89 50.80 36.95 0.18
Ti0 2 1 . 0 0 n.d. 0.67 0.05 9.50
A1 2°3 16.48 29.04 2.77 0.05 3.51
FeO 7.10 0.77 8.73 25.84 77.91
MnO 0.15 n.d. 0.32 0.91 0.78
MgO 3.28 0.33 14.90 35.77 0.62
CaO 5.64 11.60 21.19 0. 22 0.14
Na O 3.70 4. 34 0. 33 0.05 n.d.
V 4.30 0.77 0 . 0 2 0.04 n.d.
P2°5 0.74 n.d. n.d. n.d. n.d.
FIVE ISLANDS
ROCK PLAGIOCLASE CLINOPYROXENE OLIVINE Fe-Ti OXIDE
S i ° 2 55.57 54.71 51.39 36.95 0.29
Ti0 2 1.13 n.d. 0 . 6 6 0.05 10.34
A1 2°3 16.34 28.03 2.19 0.05 2.18
FeO 6.58 0.92 8.76 25.84 78.79
MnO 0.16 n.d. 0. 23 0.91 1.62
MgO 2.64 n.d. 15.50 35.77 0.95
CaO 4.17 10.45 20.60 0 . 2 2 0.36
Na20 3.83 5.30 0.42 0.05 n.d.
k 2o 5.62 0.84 n.d. 0.04 n.d.
P2°5 0.94 n.d. n.d. n.d. n.d.
CAMBEWARRA
ROCK PLAGIOCLASE CLINOPYROXENE OLIVINE Fe-Ti OXIDE
SiO
2̂ 59.83 56.25 51.79 36.95 0.33
TiO
2 1.17 n.d. 0.57 0.05 21.53
Al 0, 2 3 16.24 26.88 1 .42 0.05 2.15
FeO 5.93 0.94 10.58 25.84 67.09
MnO 0.14 n.d. 0.30 0.91 1.62
MgO 1.58 n.d. 14.48 35.77 0.14
CaO 2.97 9.38 20.38 0 . 2 2 0.36
Na2° 3.90 5.70 0.24 0.05 n.d.
k2o 5.56 0.85 n.d. 0.04 n.d.
P2°5 0.55 n.d. n.d. n.d. n.d.
Table 7-9 (continued). Input data for evaluation of various fraction-
ation models for the extrusions which are listed in order of increasing
SiO^ content.
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FRACTIONATION OF PLAG + CPX + OL + MAG
D P MI BH BK DA SA CD BU FI CB
MI .4439 .9547 .5034 .7401 .9280 .1509 .1564 1.9911
BH .5071 1.0058 .181 2 .4122 .4323 .1297 .2804 1.3941
BK 2.4459 1.4000 1.8171 2.7944 2.0784 1.3438 1.2987 4.4548
DA .5944 .1921 1.6890 . 201 1 .2477 .1536 .3483 .6146
SA .9592 .4832 2.3502 .1864 .2586 .5915 .8610 .8997
CD 1.6639 .5517 1.9432 .2651 .2750 .6883 1.1555 1.0853
BU .6487 .2507 1.6450 .2258 1.0136 1.2776 .1893 .7294
FI 2.0214 1.5461 1.1887 1.1816 3.0609 3.5641 .4423 1.8248
CB 3.0375 1.0443 4.2654 .6214 1.6519 2.0886 .6799 2.4551
FRACTIONATION OF PLAG + CPX + MAG
D P MI BH BK DA SA CD BU FI CB
MI .4707 .9604 .5592 .9740 1.0481 0. 3971 .5759 3.4328
BH .5381 1 .0150 .1831 .5049 .4606 .3045 .5294 2.8338
BK 2.4549 1.6309 1.8948 3.4476 2.2494 1.7964 2.1977 7.0947
DA .6263 .1925 1.7066 .3428 .2674 .3490 .6955 2.1350
SA 1.1933 .5979 2.5051 .2905 .2851 .6151 .9315 1.7656
CD 1.7542 .5595 2.0190 .2859 .3426 .8009 1.4091 2.4339
BU 1.1572 .4041 2.2311 .4936 1.0146 1.4408 .2378 1.5806
FI 3.1609 1.0962 2.6812 1.9001 3.0767 4.1307 .5448 2.3748
CB 7.4942 3.5015 9.6098 4.0729 2.6288 5.4812 2.1186 3.0181
FRACTIONATION OF :PLAG + OL + MAG
D P MI BH BK DA SA CD BU FI CB
MI 1.2239 3.6134 .5877 .8704 .9932 .5524 2 . 1 0 1 2 4.5347
BH 1 . 2 1 0 1 8.5938 .71 25 .4141 1.3015 2.2309 5.7760 7.9508
BK 6.7673 10.1790 6.91 1 11.7704 6.1078 3.3917 1.5265 4.5048
DA .6093 .7038 6.3432 .8176 .301 3 .7222 3.2683 4.3910
SA 1.7300 .4846 10.6067 .8329 1.2454 2.8664 6.8629 8.0399
CD 1.6705 1.4171 6.0078 .3214 1.3667 1.0023 3.5607 4.2901
BU 1.0974 2.5004 5.0348 1 . 6668 5.4281 1.7151 1 .5379 2.8441
FI 6.0019 9.5778 1.8842 9.1094 17.2976 7.8397 2.1161 1.9361
CB 10.4562 13.6281 4.7257 15.7892 26.9641 10.5100 4.5302 2.6024
Table 7-10. Sums of squares of differences for fractionation models for 
the Late Permian extrusions. Underlined values are too high for the 
model to be plausible. D = derivative; P = parent? MI = Minumurra 
Latite Member; BH = Blow Hole Latite Member; BK = Berkley Latite Member; 
DA = Dapto Latite Member? SA = Saddleback Latite Member? CD = Calderwood 
Latite Member? BU = Bumbo Latite Member? FI = Five Islands Latite 
Member; and CB = Cambewarra Latite Member.
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FRACTIONATION OF CPX + OL + MAG
D P MI BH BK DA SA CD BU FI CB
MI 4.3988 6.9837 5.3733 4.4333 6.9024 17.4680 30.9959 51.6587
BH 4.4228 1.1447 .2054 .4203 .591 3 4.1660 11.8890 24.9999
BK 7.9594 1.5469 2.0354 3.3121 2.0803 54406 12.0296 27.2287
DA 5.4673 .2477 1.7509 . 2868 .2889 4.1259 12.1460 24.5390
SA 4.8433 .4849 2.6241 .2794 .4684 5.4131 14.6064 27.5499
CD 7.3534 .7080 1.9516 .3112 .5413 4.2842 12.4504 24.2610
BU 20.0827 5.9849 5.3189 4.9618 7.1759 5.0139 2.2502 9.4495
FI 37.3162 16.8994 13.1452 15.6227 19.7873 15.4104 2.3065 4.2940
CB 70.0882 38.4763 33.7297 34.8714 40.5826 33.3204 10.69999 4.9797
FRACTIONATION OF CPX + OL
D P MI BH BK DA SA CD BU FI CB
MI 7.4190 7.1591 5.3941 4.9895 7.2703 19.8455 35.1240 56.5078
BH 6.9833 2.6153 2.1718 1.1171 1.6633 10.3417 21.2362 35.5664
BK 8.0529 4.0137 2.1235 3.4085 2.0879 7.7323 15.6409 38.8520
DA 5.4923 2.5555 1.7962 .5967 0.4191 5.7906 15.5853 29.0512
SA 5.4475 1.2323 2.7679 .5819 .4941 9.1422 21.0559 34.7660
CD 7.6160 2.1800 1.9730 .4451 .5825 7.0366 17.3587 30.5857
BU 21.5097 14.5174 7.5873 6.7045 10.6682 7.5707 2.6094 10.4967
FI 40.6262 30.1546 17.4131 19.0473 25.5849 19.6733 2.61 31 4.7017
CB 78.9197 62.5214 43.7671 43.7463 53.1779 43.0563 12.7252 5.6201
FRACTIONATION OF CPX + MAG
D P MI BH BK DA SA CD BU FI CB
MI 4.7934 8.4530 5.9169 4.4677 7.4805 20.0740 34.3838 53.5753
BH 5.1097 1.2380 .2194 .5477 .591 3 4.4998 12.9240 25.3096
BK 9.7161 2.0003 2.3025 4.5718 2.3077 5.5296 12.2437 27.2335
DA 6.3596 .2614 1.8302 .5443 .2935 4.4202 13.0125 24.8235
SA 5.0716 .6311 3.1450 .5213 .6234 6.3618 16.6011 28.4705
CD 8.1624 .71 22 2.0809 .3150 .7572 4.6590 13.4325 24.5986
BU 22.2865 6.2836 5.3405 5.1340 8.0536 5.2236 2.4246 9.4668
FI 40.8527 17.7968 13.3436 16.2408 21.6272 16.0162 2.4304 4.3333
CB 73.5899 39.0922 33.7941 35.2371 42.0751 33.6566 10.7902 4.9888
Table 7-10 (continued). Sums of squares of differences for fraction­
ation models for the Late Permian extrusions. Underlined values are too 
high for the model to be plausible. D = derivative; P = parent; MI = 
Minumurra Iatite Member; BH = Blow Hole Latite Member; BK = Berkley 
Latite Member; DA = Dapto Latite Member; SA = Saddleback Latite Member; 
CD = Calderwood Latite Member; BU = Bumbo Latite Member; FI = Five 
Islands Latite Member; and CB = Cambewarra Latite Member.
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FRACTIONATION OF PLAG + MAG
D P MI BH BK DA SA CD BU FI CB
MI 1.3580 5.0582 .741 1 1.0014 1.2673 1.4841 5.7754 12.3087
BH 1.2770 11.6922 .7926 .5150 1.7570 4.1070 11.8905 20.5482
BK 7.8288 11.8952 7.4293 12.0871 6.4427 3.3985 2.2165 8.0894
DA .6280 .8888 8.0562 .8189 .3790 1.6731 7.6319 14.0281
SA 1.7350 .6266 12.7997 .8331 1.3568 4.0669 11.9659 18.8920
CD 1.8202 1.8992 7.0895 . 3923 1.4154 1.5392 7.0068 12.6543
BU 2.4893 4.5026 5.1422 2.9085 6.4114 2.3546 2.9556 8.2401
FI 11.3362 15.8172 2.7125 13.9988 21.2232 11.5456 3.4626 3.3955
CB 25.6535 30.4854 10.1779 30.3161 39.6021 23.3782 11.2653 4.1763
FRACTIONATION (OF PLAG + CPX
D P MI BH BK DA SA CD BU FI CB
MI 1.1167 1.6515 1.9704 1.3789 1.6002 6.0924 10.8828 17.7062
BH .8572 2.5811 1.6932 .8395 1.6242 10.0935 16.9626 24.4931
BK 3.0387 4.0946 1.9005 4.0686 2.2686 6.5760 11.0491 22.1183
DA 1.3155 2.4130 1.7095 .7709 .3133 3.7189 8.2817 14.0214
SA 1.2205 1.2351 2.8885 .7324 .4417 6.5116 12.3826 17.4259
CD 2.1007 2.1924 2.0568 .3190 .61 09 5.5467 11.0609 17.1127
BU 10.2003 13.7788 7.061 4 5.8619 10.3269 6.961 2 1 .1 224 5.1104
FI 221.128726.2331 14.2922 15.4872 23.3020 16.4665 1.3650 3.8468
CB 46.5379 52.7889 37.2011 37.7510 47.3334 35.1108 8.1515 5.1429
FRACTIONATION OF PLAG + CPX + OL
D P MI BH BK DA SA CD BU FI CB
MI 1.0128 1.6514 1.9609 1.2044 1.5264 4.0525 6.661 1 10.7852
BH .8229 2.5437 1.6587 .7755 1.6204 7.3362 11.6193 15.5797
BK 3.0272 3.9419 1.8189 3.2892 2.0878 4.3031 6.1523 12.7661
DA 1.2884 2.4089 1.6931 .5774 .2875 2.3877 5.0686 7.6394
SA .9891 1.0881 2.6943 .5746 .401 3 5.2287 9.1582 11.3906
CD 2.0161 2.1666 1.9729 .2920 .5146 4.1149 7.5300 10.2675
BU 9.7594 13.4208 6.711 2 5.8011 10.2144 6.9320 .7268 2.5320
FI 20.1322 25.4757 13.3856 15.3140 23.1973 16.3037 .9262 2.4774
CB 42.5022 48.9360 33.6101 35.3465 47.2334 33.4279 3.7471 3.3553
T a b l e  7 - 1 0  ( c o n t i n u e d ) .  S u m s  o f  s q u a r e s  o f  d i f f e r e n c e s  for f r a c t i o n ­
a t i o n  m o d e l s  for the Late P e r m i a n  e x t r u s i o n s .  U n d e r l i n e d  v a l u e s  a r e  too 
h i g h  fo r  the m o d e l  to be p l a u s i b l e .  D = d e r i v a t i v e ;  P = p a r e n t ;  MI = 
M i n u m u r r a  L a t i t e  M e m b e r ;  BH = B l o w  Hole L a t i t e  M e m b e r ;  BK = B e r k l e y  
L a t i t e  M e m b e r ;  D A  = D a p t o  L a t i t e  M e m b e r ;  S A  = S a d d l e b a c k  L a t i t e  M e m b e r ;  
C D  = C a l d e r w o o d  L a t i t e  M e m b e r ;  BU = B u m b o  L a t i t e  Me m b e r ;  FI = Five  
I s l a n d s  L a t i t e  M e m b e r ;  a n d  C B  = C a m b e w a r r a  L a t i t e  M e m b e r .
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FRACTIONATION OF OLIV + MAG
D P MI BH BK DA SA CD BU FI CB
MI 5.4261 11.4184 5.4893 5.6163 6.9031 18.5948 36.1293 59.2845
BH 5.2858 9.3716 .71 50 .4205 1.3874 6.9285 20.2773 36.4518
BK 11.8581 10.2161 6.9403 11.8795 6.1436 6.9583 12.0301 27.5304
DA 5.5166 .7400 6.7616 .8182 .3328 5.0500 17.2426 32.1783
SA 5.7806 .4862 11.7233 .8399 1.3649 8.4414 23.9049 40.1270
CD 7.3541 1.5300 6.2201 .3453 1.3946 4.8568 16.8035 31.0020
BU 20.3043 7.8029 7.6340 5.3414 8.9418 5.2087 4.1988 13.2650
FI 40.3020 23.5908 13.1920 18.9543 26.1436 18.23933 4.3794 4.6462
CB 75.6365 48.4585 33.8206 40.3998 50.0321 38.4844 15.9689 5.3801
FRACTIONATION OF PLAG + OL
D P MI BH BK DA SA CD BU FI CB
MI 1.6657 4.4343 1.9643 1.5070 1.5681 4.1253 7.2672 12.2128
BH 1.4346 10.4448 1.9128 .81 61 2.3629 8.2687 14.0143 19.8141
BK 7.0590 1 1.3503 7.071 1 11.7731 6.1091 7.4831 7.2870 13.1628
DA 1.3340 2.6174 6. 3440 1.0023 .3477 2.6217 6.5117 10.1701
SA 1.8027 1.1205 11.1130 1.0605 1.3430 6.4974 12.3377 16.4274
CD 2.0164 2.6773 6.0752 . 3670 1.4215 4.1627 8.4262 12.1803
BU 9.8781 14.1696 9.7576 6.3780 12.1257 7.1864 1.7457 4.1710
FI 22.5118 29.4433 13.8529 19.8547 30.6610 19.6691 2.3299 2.5274
CB 46.7227 54.4512 33.8078 43.2501 59.0887 38.8557 6.5186 3.3758
FRACTIONATION OF MAG
D P MI BH BK DA SA CD BU FI CB
MI 7.8574 11.4224 6.8919 6.8759 7.7904 20.1285 36.4472 59.4267
BH 7.9793 11.7022 .8697 .61 23 1.7644 7.0651 21.2288 40.0621
BK 11.9226 12.1536 8.0060 12.7467 6.7996 8.2450 12.3560 27.6424
DA 7.1993 .8893 8.0604 .8220 .3800 5.0510 17.5851 34.2878
SA 7.3244 .6916 12.9904 .8423 1.3954 8.4439 24.2574 42.4272
CD 8.5835 1.8992 7.0895 .3924 1.4176 4.9169 16.9440 32.5984
BU 22.4858 7.91 74 9.0267 5.3443 8.9581 5.2722 4.5151 15.0501
FI 41.5027 24.1931 13.649619.1131 26.2336 18.2851 4.6254 5.1449
CB 76.0649 50.4621 33.831741.4506 50.8834 39.2275 17.1778 5.7602
T a b l e  7 - 1 0  ( c o n t i n u e d ) .  Surns of s q u a r e s  of d i f f e r e n c e s  for f r a c t i o n ­
a t i o n  m o d e l s  for the I^ate P e r m i a n  e x t r u s i o n s .  U n d e r l i n e d  v a l u e s  a r e  too 
h i c h  for the m o d e l  to be p l a u s i b l e .  D = d e r i v a t i v e ;  P = p a r e n t ;  MI = 
M i n u m u r r a  L a t i t e  M e m b e r ;  BH = B l o w  Hole L a t i t e  M e m b e r ;  BK = B e r k l e y  
L a t i t e  M e m b e r ;  D A  = D a p t o  L a t i t e  M e m b e r ;  S A  = S a d d l e b a c k  L a t i t e  M e m b e r ;  
C D  = C a l d e r w o o d  L a t i t e  M e m b e r ;  BU = B u m b o  L a t i t e  M e m b e r ;  FI = Fi v e
I s l a n d s  L a t i t e  M e m b e r ;  and C B  = C a m b e w a r r a  L a t i t e  M e m b e r
-31 1-
FRACTIONATION OF PLAG
D P MI BH BK DA SA CD BU FI CB
MI 1.7781 5.7465 1.9835 1.5374 1.7423 7.3507 16.8137 30.7914
BH 1.4840 13.2516 1.9148 .8448 2.6442 14.3125 29.6860 49.5099
BK 8.0410 12.9394 7.7556 12.1246 6.4576 8.0028 11.1267 24.7628
DA 1.3389 2.7510 8.0593 1.0229 0.4460 5.1872 15.9409 30.3439
SA 1.8052 1.2359 13.1799 1.0696 1.4279 10.2708 24.5370 40.6543
CD 2.1332 3.0899 7.1265 .4700 1.4501 6.4143 17.3922 31.9067
BU 10.7810 15.7467 9.9785 6.8078 12.2682 7.4012 3.9959 13.5886
FI 26.4996 34.6919 14.3245 22.2005 31.9418 21.7389 4.3887 5.3252
CB 58.5319 58.9655 37.7628 50.7130 64.1622 47.8488 17.8040 6.4577
FRACTIONATION OF OL
D P MI BH BK DA SA CD BU FI CB
MI 7.9568 11.6982 5.5076 6.1107 7.2708 20.4375 38.3035 62.4687
BH 7.5836 10.5062 2.6187 1.1794 2.4471 11.7585 25.8598 43.9922
BK 1 2.1 114 11.4126 7.0766 11.9173 6.1490 10.1827 15.9021 32.8820
DA 5.5353 2.7617 6.8702 1.0972 .4641 6.3067 18.91 36 35.0859
SA 6.2499 1.2656 1 1.7730 1.1164 1.3886 11.0543 27.0806 44.7414
CD 7.6165 2.6896 6.2216 .4837 1.4223 7.2254 19.7464 35.5303
BU 21.6354 15.2784 10.1534 7.0330 12,2448 7.7561 4.2521 13.7849
FI 43.0472 34.1804 17.5181 22.1657 31.4774 22.4559 4.4534 4.9497
CB 82.2137 68.1536 43.7860 48.8320 61.7943 48.1258 16.9393 5.8074
FRACTIONATION OF CPX
D P MI BH BK DA SA CD BU FI CB
MI 8.5800 8.8992 5.9963 5.0909 8.0278 20.7512 35.8629 56.6494
BH 8.5196 2.6203 2.1903 1.4412 1.6921 11.0391 21.8933 36.8620
BK 10.1193 4.1066 2.4595 4.5861 2.3078 8.0588 16.1416 34.3249
DA 6.5123 2.6210 1.9047 .7714 .4191 5.8130 15.5985 29.3542
SA 5.9092 1.6019 3.2041 .7414 .6329 9.1434 21.0559 34.9041
CD 8.7168 2.2346 2.0869 .4451 .7729 7.1221 17.4382 31.0887
BU 23.0436 14.5431 7.6096 6.7370 11.0592 7.61 11 2.6201 10.6632
FI 42.8612 30.1601 17.4150 19.2596 26.5012 19.8750 2.6188 5.0308
CB 80.3760 62.6861 43.9047 43.7512 53.5643 43.0618 12.9893 6.0379
Table 7-10 (continued). Sums of squares of differences for fraction­
ation models for the Late Permian extrusions. Underlined values are too 
high for the model to be plausible. D = derivative; P = parent; MI = 
Minumurra Latite Member; BH = Blow Hole Latite Member; BK = Berkley 
Latite Member; DA = Dapto Latite Member; SA = Saddleback Latite Member; 
CD = Calderwood Latite Member; BU = Bumbo Latite Member; FI = Five 
Islands Latite Member; and CB = Cambewarra Latite Member.
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^able 7-11. Summary of plausible fractionation models for the deriv­
ation of the nine Late Permian extrusions. P = plagioclase; C = clino- 
pyroxene; 0 = olivine; M = titanmagnetite; other abbreviations as for
T a b l e  7 - 1 0
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Oliv i n e Cli nopyroxene Orthopyroxene Amphibole Garnet Spinel
La 0.01 0.10 0.01 0.20 0.05 0.03
Ce 0.01 0. 10 0.01 0. 20 0.06 0.03
Sm 0.01 0. 30 0.02 0.80 0.90 0.05
Eu 0.01 0.40 0.02 0. 80 1.00 0.05
Yb 0.03 0.50 0.1 0 0.80 8.00 0. 10
Lu 0.03 0.50 0.10 0.80 9.00 0.09
Table 8 - 1  . Mineral/liquid partition coefficients used for modelling
source compositions. Values are appropriate for basaltic rocks and are 
based on data from Irving (1978) and Nicholls & Harris (1980).
- 3 1 4 -
-315-
APPENDIX A METHODS OF INVESTIGATION
1. MAPPING AND SAMPLING
Field observations and sample locations were plotted onto aerial 
photographs enlarged to a scale of approximately 1 :1 1 , 0 0 0  or onto 
topographic maps with a scale of 1:25,000* These observations were 
combined with previously published accounts of the geology of the region 
(e*g* Harper, 1915) and all available data were integrated to produce 
the maps included in this thesis.
Representative samples of all confirmed and many suspected Permian 
igneous rocks were collected. Most samples were obtained from outcrops 
or artificial exposures (quarries and road cuttings) but samples for 
Coonemia Complex and Stockyard Mountain basalt were obtained from drill­
core .
2. SAMPLE PREPARATION
Thin sections were prepared from the least altered specimens. 
Representative samples suitable for geochemical analysis were sawn into 
thin slabs ( < 1 0 mm), reduced to small chips (maximum dimension <8 mm) by 
hammering between plastic sheets and then crushed to powder in a 
tungsten carbide "Siebtechnik" mill. This powder was then reduced to 
the appropriate sample size by conventional splitting techniques.
3. GEOCHEMICAL TECHNIQUES 
Whole-rock analyses
As noted in Section 5.1, 21 whole-rock analyses of major element
oxides have been taken from the literature. All trace element data 
except concentrations of Sc, Co, Hf and the REE, and all 74 new major 
element analyses were obtained by X-ray fluorescence analysis following 
the methods described by Norrish & Chappell (1967) and Norrish & Hutton
(1969) Individual analyses and analysts are given in Appendix E
- 3 1 6 -
All new FeO determinations were carried out by the author and 
analyses were based on the method of Shapero & Brannock (1956). Samples 
were dissolved in HF with an excess of NH^VO^ which was back-titrated 
against standardized Fe(NH^J^iSO^)^.
REE, Sc# Co and Hf concentrations were determined by an in­
strumental neutron activation analysis (INAA) technique described by 
Carr & Fardy (1984). All analytical data for these elements were 
obtained by John Fardy of the Division of Energy Chemistry, CSIRO.
Mineral analyses
Polished thin-sections of representative samples were used for the 
analysis of mineral phases by electron microprobe, using the method 
described by Reed & Ware (1975). All analyses were carried out by the
author.
K-Ar dating
Samples 7832 to 7836 inclusive and 7840 to 7843 inclusive were 
analysed by S. Lafferty and D. C. Green, using techniques outlined by 
Sutherland et al. (1973). Samples 8588 to 8592 inclusive and 7845 were 
analysed by Geochron Laboratories (USA).
APPENDIX B
SAMPLE ROCK TYPE TOPOGRAPHIC
MAP
8070 basa lt Robertson
8593 basa lt Kiama
8071 basa lt Kiama
8595 basa lt Berry
8058 basa lt Kiama
8057 basa lt Kiama
8594 basa lt Kiama
8072 basa lt Wollongong
8073 basa lt Wollongong
8596 basa lt Wollongong
8097 basa lt Wollongong
7843 basa lt Wollongong
8067 basa lt Wollongong
8098 basa lt Wollongong
8099 basa lt Wollongong
8068 basa lt Kiama
PC174 b a sa lt ic  andesite Robertson
PC 1 75 b a sa lt ic  andesite Robertson
8601 b a sa lt ic  andesite Albion Park
8603 b a sa lt ic  andesite A lbion Park
8063 b a sa lt ic  andesite A lbion Park
8059 b a sa lt ic  andesite Kiama
8065 b a sa lt ic  andesite A lbion Park
8602 b a sa lt ic  andesite Kiama




862711 Minumurra L a t ite  Member
970591 Minumurra L a t ite  Member
965593 Minumurra L a t ite  Member
911416 Blow Hole L a t ite  Member
034598 Blow Hole l a t i t e  Member
037609 Blow Hole L a t ite  Member
043612 Blow Hole L a t ite  Member
025877 Berkley L a t ite  Member
024876 Berkley L a t ite  Member
024877 Berkley L a t ite  Member
015838 Dapto L a t ite  Member
096815 Dapto L a t ite  Member
017839 Dapto L a t ite  Member
018838 Dapto L a t ite  Member
019838 Dapto L a t ite  Member
990579 Saddleback L a t ite  Member
929765 Calderwood L a t it e  Member
927762 Calderwood L a t ite  Member
058692 Bumbo L a t ite  Member
999712 Bumbo l a t i t e  Member
023667 Bumbo L a t ite  Member
024609 Bumbo L a t ite  Member
968693 Bumbo L a t ite  Member
040636 Bumbo L a t ite  Member
004680 Bumbo l a t i t e  Member
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APPENDIX B (CONTINUED)




8064 b a s a lt ic  andes ite Kiama 040630
8600 b a s a lt ic  andesite A lb ion  Park 055695
8061 b a s a lt ic  andesite Kiama 041633
8066 b a s a lt ic  an des ite A lb ion  Park 996711
8060 b a s a lt ic  andes ite Kiama 026613
8604 b a s a lt ic  an des ite Kiama 019603
8606 b a s a lt ic  andes ite Wollongong 098851
8605 b a s a lt ic  an des ite Wollongong 097852
8608 andesi te Robertson 926763
8069 andesi te Kiama 976600
8607 an des ite Kangaroo V a lle y 880540
PC 267 monzogabbro Toubouree 349323
PC272 monzogabbro K io loa 635658
PCI 31 monzogabbro K io loa 642675
PC271 monzogabbro K io loa 644662
PC 164 b a sa lt K io loa 596578
PC 180 b a sa lt K io loa 596579
PC168 b a s a lt K io loa 597583
PC 162 b a sa lt K io loa 585582
PC169 b a sa lt K io loa 597580
PC 208 b a s a lt K io loa 595577
PC 268 b a sa lt Toubouree 353324
PC250 p o rp h y r it ic  monzonite M ilton 435414
PC264 p o rp h y r it ic  monzonite Mi1ton 378429
PC 253 p o rp h y r it ic  monzonite M ilton 435411
SAMPLE LOCALITIES
COMMENTS
Bumbo L a t it e  Member
Bumbo L a t it e  Member
Bumbo L a t it e  Member
Bumbo L a t it e  Member
Bumbo L a t it e  Member
Bumbo L a t it e  Member
F ive  Is lands L a t it e  Member
F ive Is lands L a t it e  Member
Cambewarra L a t it e  Member
Cambewarra L a t it e  Member












M ilton  Complex
M ilton  Complex











PC254 p o rp h y r it ic  monzonite M ilton 435410
PC276 p o rp h y r it ic  monzonite M ilton 381461
PC282 p o rp h y r it ic  monzonite M ilton 406352
PC 263 p o rp h y r it ic  monzonite M ilton 399394
PC 207 p o rp h y r it ic  monzonite M ilton 435410
PC280 p o rp h y r it ic  m icromonzonite M ilton 414456
PC283 p o rp h y r it ic  micromonzonite M ilton 406352
PC 281 monzonite M ilton 406352
2003 b a sa lt Nowra 860269
1999 p o rp h y r it ic  monzogabbro Nowra 860269
1996 p o rp h y r it ic  monzogabbro Nowra 860269
1994 p o rp h y r it ic  monzogabbro Nowra 860269
1989 p o rp h y r it ic  monzogabbro Nowra 860269
1985 p o rp h y r it ic  monzogabbro Nowra 860269
1981 monzonite Nowra 860269
1979 monzonite Nowra 860269
1978 monzonite Nowra 860269
1975 monzonite Nowra 860269
1972 b a sa lt Nowra 860269
1971 b asa lt Nowra 860269
PC201 b a sa lt A lb ion  Park 963697
PC 202 b a sa lt A lb ion  Park 963697
PC203 b asa lt A lb ion  Park 963697
7845 d o le r i t e Wollongong 083929
SAMPLE LOCALITIES
COMMENTS
M ilton  Complex 
M ilton  Complex 
M ilton  Complex 
M ilton  Complex 
M ilton  Complex 
M ilton  Complex 
M ilton  Complex 
M ilton  Complex
Coonemia Complex, 3.7 m above 1base <of la c c o l i th  :in !d m  C a lla ia  :DDH ‘I
Coonemia Complex, 16.2 m above base o f la c c o l i th in DM C a lla ia DDH 1
Coonemia Complex, 19.8 m above base o f la c c o l i th in DM C a lla ia DDH 1
Coonemia Complex, 26.2 m above base o f la c c o l i th in DM C a lla ia DDH 1
Coonemia Complex, 46.9 m. above base o f la c c o l i th in DM C a lla ia DDH 1
Coonemia Complex, 60.4 m above base o f la c c o l i th in DM C a lla ia DDH 1
Coonemia Complex, 70.7 m above base o f la c c o l i th in DM C a lla ia DDH 1
Coonemia Complex, 75.1 m above base o f la c c o l i  th in DM C a lla ia DDH 1
Coonemia Complex, 75.3 m above base o f la c c o l i th in DM C a lla ia DDH 1
Coonemia Complex, 82.6 m above base o f la c c o l i th in DM C a ila la D DH 1
Coonemia Complex, 91.7 m above base o f la c c o l i th in DM C a lla ia DDH 1
Coonemia Complex, 93.9 m above base o f la c c o l i th in DM C a lla ia DDH 1
Stockyard Mountain b a sa lt, depth 316.7 m in  Stockyard Mt No 1 
Stockyard Mountain b a sa lt , depth 316.1 m in  Stockyard Mt No 1 
Stockyard Mountain b a sa lt , depth 316.0 m in  Stockyard Mt No 1 




APPENDIX C ;MODAL MINERALOGY (VOLUME %) SHOSHONITIC BASALTS
Sample 8070 8593 8071 8595 8058 8057 8594 8072
PHENOCRYSTS
Plagioclase 22.4 2 2 . 2 27.6 3.8 4.4 2 . 0 3.6 27.4
Cl inopyroxene 1 . 2 2 . 6 0.4 - 0. 3 - - -
Fe-Ti oxide 0.4 0 . 6 1.4 0. 2 0 . 2 0. 8 - 0 . 2
Pseudomorphs 1 .4 2 . 6 1.4 0 . 8 0 . 2 1 . 2 - —
(after olivine)
GROUNDMASS 74.6 72.0 69. 2 95.2 94.9 96.0 96.4 72.4
Sample 8073 8596 8097 7843 8067 8098 8099 8068
PHENOCRYSTS
Plagioclase 24.4 5.2 40.0 52.0 63.0 39.0 33.2 35.4
Clinopyroxene 1 . 0 1 . 2 7.8 4.8 1 .2 6 . 0 13.8 14.2
Fe-Ti oxide 0 . 2 - 2 . 2 0.4 1 . 6 1.4 7.2 3.4
Pseudomorphs 0.4 0 . 2 4.6 1 . 8 1 . 0 5.8 1 .4 3.0
(after olivine)
GROUNDMASS 74.0 93.4 45.4 41.0 33.2 47.8 44.4 43.8
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APPENDIX C (CONTINUED) MODAL MINERALOGY (VOLUME %) SHOSHONITIC BASALTIC ANDESITES
Sample 174 1 75 8601 8603 8063 8059 8065 8602 8062
PHENOCRYSTS
Plaqioclase 20.2 46.0 7.0 0.8 3.6 2.6 2.0 4. 2 6.6
Clinopyroxene 7.8 4.0 1.6 1.2 0.4 - 2.0 0.8 0.4
Fe-Ti oxide 0.8 2.8 1 .8 0.2 0.2 0. 2 0.2 0.2 0.6
Pseudomorphs 12.2 3.2 1 .8 1.4 1.0 0.8 - 3.0 1.4
(after olivine)
GROUNDMASS 59. 0 44.0 87.8 96.4 94.8 96.4 95.8 91 .8 91.0
Sample 8064 8600 8061 8066 8060 8604 8606 8605
PHENOCRYSTS
Plagioclase 1.0 5.8 6.0 0.6 14. 2 1.6 4.0 10. 2
Clinopyroxene - 1 .0 0.8 - - 0.2 0.4 0.8
Fe-Ti oxide 0.4 0.6 0.4 - 0. 2 0.4 0.6 0.6
Pseudomorphs 0.4 
(after olivine)
1 .4 3.0 “* 0.4 1.6 1.0
GROUNDMASS 98.2 92.6 91.4 96.4 85.6 97.4 93.4 87.4
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A-PPENDIX _c (CONTINUED) MODAL MINERALOGY (VOLUME %) SHOSHONITIC ANDESITE
Sample 8608 8069 8607
PHENOCRYSTS
Plaqioclase 1 0.9 9.8 9.4
Clinopyroxene - 0 . 2 1 .2
Fe-Ti oxide 0.3 0.4 1 .2
Pseudomorphs 2 . 2 _ 1 . 2
(after olivine)
GROUNDMASS 8 6 . 6 89.6 87.0
APPENDIX C (CONTINUED) MODAL MINERALOGY (VOLUME %) TERMEIL COMPLEX
Sample PC 164 PC 168 PC 169 PC 180 PC208 PC268
PHENOCRYSTS
Plagioclase 1 4.0 11.4 16.4 8 . 8 1 1 . 0 1 2 . 6
Clinopyroxene 16.0 19.6 2 2 . 0 1 3.8 16.8 0. 3
Fe-Ti oxide 2 . 2 3.0 0.4 1 . 6 1.4 0. 2
Pseudomorphs 5.8 3.8 2 . 6 9. 4 4.2 3.7
(after olivine)
GROUNDMASS 62.0 62.2 58.6 66.4 6 6. 6 83.2
Sample PC1 31 PC 2 72 PC267 PC 271
Plagioclase 34.2 38.8 50.6 45. 2
K-feldspar 1 7 . 9 17.0 8. 2 2 1 . 8
Clinopyroxene 28.0 25.6 15.2 1 4.4
Fe-Ti oxide 8 . 8 5.8 5.0 5.0
Pseudomorphs 6.0 
(after olivine)
3.2 1 3.6 1 ; o
Apa ti te 0 . 6 0 . 8 0 . 8 0 . 6
Chlorite 4.5 8 . 8 6 . 6 1 2 . 0
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APPENDIX C (CONTINUED) MODAL MINERALOGY (VOLUME %) MILTON COMPLEX
Sample PC207 PC250
PHENOCRYSTS
Plagioclase 2 0 . 2 12.4
K-feldspar - 2 . 6
Clinopyroxene - 3.8
Fe-Ti oxide - 1 . 2
Pseudomorphs 0 . 6 0 . 6
(after olivine)
GROUNDMASS
Plagioclase 1 0 . 0 14.4
K-feldspar 41.4 44.4
Clinopyroxene 11.4 8 . 8
Fe-Ti oxide 3.0 2 . 8
Chlori te 1 2 . 6 8.4
Apa ti te 0 . 8 0 . 6
Biotite
PC253 PC 2 54 PC263 PC 264 PC276 PC 28 2
2 0 . 6 9. 1 2 0 . 6 22.4 2 0 . 0 11.4
1 . 0 - - 0 . 8 - -
0.4 - - - 0. 6 -
2 . 6 m _ _
16.4 2 0 . 0 9.2 o•o 1 0 . 8 18.8
42.3 44.6 39.2 39.8 43.0 48.4
7.6 1 2 . 8 15.2 11.4 1 0 . 2 7.8
2 . 8 5.0 4.6 3.8 3.4 3.8
5.4 8.4 10.4 1 0 . 8 1 1 . 2 9.0
00•o 0 . 1 0 . 8 1 . 0 0 . 8 0 . 8
0 . 1 « _ _
- 3 2 6 -






Apa ti te 1.4
Chlorite 15.0
S a m p l e PC280 PC283
P H E N O C R Y S T S
P l a g i o c l a s e 1 2 . 2 13.8
C l i n o p y r o x e n e 0 . 2 0 . 8
F e - T i  o x i d e - ' 1 .4
P s e u d o m o r p h s  ( a f t e r  o l i v i n e ) 1 . 8 1 . 6
G R O U N D M A S S 85.8 82.4
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APPENDIX C (CONTINUED) MOD A L  MIN E R A L O G Y  (VOLUME %) C O ONEMIA COMPLEX
Sample 2003 1999 1996 1994 1989 1985
PHENOCRYSTS
Plagioclase 16.7 2 0. 2 33.3 34.4 19. 1 2 0 . 2
Clinopyroxene 1 . 2 5.0 2 . 0 1 . 0 - -
Pseudomorphs 5.6 5.9 3.8 4.5
(after olivine)
GROUNDMASS
Plagioclase 21.5 14.4 1 1 . 6 18.6 2 1 . 0
K-feldspar
35. 2
18.1 1 2 . 0 1 4.0 18.1 20. 7
Clinopyroxene 11.9 10.7 8.7 1 0.5 12.4 13.6
Fe-Ti oxide 2.7 3.2 9.6 2 . 0 12.4 0 . 2
Pseudomorphs 6.3 2.9 4.6 3.4 3.8 4.0
(after olivine)
Other* 20.4 12.5 1 1 . 6 18.6 14.6 20.3
*Other = chlorite, calcite, zeolites and accessory apatite
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APPENDIX C (CONTINUED) MODAL MINERALOGY (VOLUME %) C O O NEMIA COMPLEX
Sample 1981














979 1978 1975 1972 1971
— 1 0 . 2 1 2 . 2 15.0 14.5





1 3.0 15.2 1 0 . 6 11.7 12.4
3.4 2 . 0 1 . 2 1.4 2 . 2
4.4 3.0 3.8 7.5 7.9
4.4 1 2 . 1 11.4 15.8 23. 1
*Other = chlorite, calcite, zeolites and accessory apatite
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AFPSNDÌX C (CONTINUED) MODAL MINERALOGY (VOLUME %)
STOCKYARD MOUNTAIN BASALT
Sample PC202 PC203 PC201
PHENOCRYSTS
Plagioclase 5.4 3.8 1 3. 2
Fe-Ti oxide - - 0 . 8
Pseudomorphs - 0.4
(after olivine)






Fe-Ti oxide 4.4 
Olivine 21.4 
Apa ti te 0.6
-330-
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P = phenocrystic grain in porphyritic
rock or grain in equigranular rock 
G = groundmass grain in porphyritic rock
1 , 2  .. = grain number
SPOT
C = core
M = between core and rim
R = rim
FeO total Fe as FeO
n.d not detected
FOR CLINOPYROXENES
Fe = atomic % Fe
Mg = atomic % Mg
Ca - atomic % Ca
FOR FELDSPARS
Ab = molecular % Ab
An = molecular % An
Or = molecular % Or
FOR Fe-Ti OXIDES
RECAL. = recalculated
USP. = molcular % ulvospinel
RHOM. = molecular % rhombohedral
FOR OLIVINE
Fe = atomic % Fe
Mg - atomic % Mg
APPENDIX D (CONTINUED) CLINOPYROXENES
SAMPLE 8058 8058 8058 8057 8057 8057
GRAIN P 1 P 1 P 1 P 1 P 1 G 1
SPOT C M R C R C
SiO 51.52 51.05 51.15 49. 99 51.19 51.37
Ti 0 0. 57 0.61 0. 59 0. 94 0. 60 0. 53
“ 2 ° 3 2. 45 2.69 2. 57 3.64 2.98 2.42
FeO 8. 49 8. 99 8.49 9. 56 8. 51 8.40
MnO n .d. 0. 00 0. 00 0. 00 0. 00 0. 00
MgO 1 5. 26 15.29 15. 18 14.81 15.06 15. 34
CaO 21.25 21.03 21.42 20.39 21.05 21.45
Na 0 
2
0. 13 0.19 0. 25 0.51 0. 36 0. 36
99.67 99. 85 99.65 99.84 99.75 99.87
Si 1.92 1.90 1.91 1.87 1.90 1.91
Ti 0. 01 0 . 0 1 0. 01 0. 02 0. 01 0 . 0 1
Al 0 . 1 0 0 . 1 1 0. 1 1 0. 16 0.13 0 . 1 0
Fe 0 . 26 0. 28 0. 26 0. 29 0. 26 0. 26
Mn 0 . 00 0. 00 0. 00 0. 00 0 . 0 0 0 . 0 0
Mg 0. 84 0. 85 0. 84 0.82 0.83 0.85
Ca 0.84 0.84 0.85 0.81 0.84 0. 85
Na 0 . 0 0 0 . 0 1 0 . 0 1 0.03 0 . 0 2 0 . 0 2
3.97 4.00 3.99 4 . 0 0 3. 99 4.00
Fe 13.5 14. 2 13. 5 15.4 13.7 13.3
Mg 43. 2 43. 2 43.0 42. 5 43. 1 43. 3
Ca 43. 3 42.6 43. 5 42. 1 43. 2 43. 4
SHOSHONITIC BASALTS
8068 8068 8068 8068
P 1 P 1 P 2 P 2
C R C M
51.51 51.39 50.82 50.59
0.69 0.61 0. 66 0. 70
2. 44 2. 38 2. 41 2. 39
10. 55 11.29 1 0. 47 10.48
0. 21 0. 33 0. 14 0. 17
14. 80 15.05 14.99 14. 97
19. 50 18. 78 19. 90 20. 09
0 . 1 2 n.d • 0. 38 0.43
99. 82 99. 83 99. 77 99. 82
1.92 1.92 1.90 1.90
0 . 0 1 0. 01 0 . 0 1 0 . 0 1
0 . 1 0 0. 1 0 0. 1 0 0. 1 0
0. 33 0. 35 0. 32 0. 32
0 . 0 0 0. 00 0. 00 0. 00
0. 82 0.84 0. 83 0. 83
0. 78 0.75 0.80 0. 80
0 . 0 0 0. 00 0 . 0 2 0.03
3. 96 3.97 3. 98 3. 99
17.3 18. 5 16.8 16. 8
42. 5 43.0 42.6 42. 3
40. 2 38. 5 40.6 40. 9
APPENDIX D (CONTINUED) CLINOPYROXENES SHOSHONITIC BASALTS
SAMPLE 8068 8068 8068 8068 8068 7843 7843 7843 7843 7843
GRAIN P 2 P 2 P 3 G 1 G 2 P 1 P 1 P 2 P 3 G 1
SPOT M R C C C C R C
SiO 50,53 50.78 50. 54 50. 83 51.30 51.22 51.42 50.94 50.97 52. 08
H O 0.55 0.64 0.67 0.55 0.59 0.67 0.64 1.05 0. 81 0.58
Ai O 3. 18 2. 81 2.96 2.39 2. 74 2. 17 2.05 2.43 2. 35 1.82
Z  -«3FeO 10.62 10.51 10.56 1 1 . 1 1 10. 73 10. 31 9. 99 11.16 1 0 . 08 9.66
MnO 0.19 0. 28 0. 16 0.26 0. 27 0. 25 0. 30 0. 31 0. 27 0. 22
MgO 16.53 15.01 15.02 14. 82 14.18 14.59 15.34 13. 91 15.03 15.58
CaO 1 9. 11 19.41 19. 69 18.59 20. 59 2 0 . 0 2 19.62 19. 64 19. 93 1 9. 52
Na20 0. 36 0.39 0. 26 0.45 0. 21 n.d • 0.49 0.43 0.44 0.41
1 00. 84 99. 83 99. 86 99.00 1 0 0. 61 99.23 99.85 99.87 99.88 99.87
Si 1 . 8 6 1.90 1.89 1.92 1.91 1.92 1.92 1.91 1.90 1.94
Ti 0. 01 0 . 0 1 0. 01 0 . 0 1 0 . 0 1 0 . 0 1 0 . 0 1 0 . 0 2 0 . 0 2 0 . 0 1
Al 0. 13 0. 1 2 0. 13 0 . 1 0 0 . 1 2 0.09 0. 09 0. 1 0 0. 1 0 0. 08
Fe 0.32 0. 32 0.33 0.35 0.33 0. 32 0. 31 0. 35 0. 31 0. 30
Mn 0 . 0 0 0. 00 0. 00 0 . 0 0 0. 00 0. 00 0 . 0 0 0. 00 0 . 0 0 0. 00
Mg 0. 91 0. 83 0. 83 0.83 0.78 0. 81 0. 85 0.77 0.83 0. 86
Ca 0. 76 0.77 0.79 0. 75 0. 82 0.80 0. 78 0. 79 0. 80 0. 77
Na 0 . 0 2 0 . 0 2 0 . 0 1 0.03 0. 01 0 . 0 0 0.03 0.03 0.03 0 . 0 2
4.01 3.97 3.99 3. 99 3.98 3.95 3.99 3. 97 3.99 3.98
Fe 16.6 1 7. 2 17.0 18.4 17.5 16. 9 16.3 18. 6 16.4 15.7
Mg 45. 5 42.9 42. 7 42.9 40.4 41.8 43. 6 40.4 42.8 44. 3
Ca 37. 9 39.9 40. 3 38. 7 42. 1 41.3 40. 1 41.0 40. 8 39. 9
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APPENDIX D (CONTINUED) CLINOPYROXENES
SAMPLE 7843 7843 7843 7843 8070 8070
GRAIN G 2 G 3 G 4 G 5 P 1 P 2
SPOT C C C C C C
SiO 51 • 04 51.32 52. 06 51.99 48. 88 49. 97
n o 0. 77 0.82 0. 51 0.62 0.84 0.61
A1 - 0 2. 22 2. 36 1.45 1.73 4.83 4. 34Z JFeO 10. 55 9. 74 10. 52 9.47 8.64 8. 35
MnO 0. 22 0. 22 0. 32 0. 23 0.13 n.d •
MgO 14.45 15. 08 15.30 15. 54 13. 51 13.89
CaO 19. 96 19.85 19. 34 19. 81 22. 32 22. 29
^ 2 ° 0. 58 0. 36 0. 33 0. 48 0. 56 0. 36
99. 79 99. 75 99. 83 99. 87 99.77 99.81
Si 1.91 1.91 1.94 1.93 1.83 1.86
Ti 0. 02 0.02 0. 01 0.01 0.02 0.01
Al 0.09 0. 10 0. 06 0.07 0. 21 0. 19
Fe 0.33 0. 30 0. 32 0. 29 0.27 0. 26
Mn 0.00 0. 00 0.00 0.00 0. 00 0. 00
Mg 0. 80 0. 84 0. 85 0.86 0.75 0. 77
Ca 0.80 0. 79 0.77 0. 79 0. 89 0.89
Na 0.04 0.02 0.02 0.03 0.04 0.02
3.99 3.98 3.97 3. 98 4.01 4.00
Fe 1 7. 3 1 5 . 9 1 7 . 2 1 5 . 4 14. 2 13.5
Mg 41.5 43. 2 43.4 44. 1 39. 2 40. 1
Ca 41.2 40.9 39.4 40. 5 46.6 46.4
SHOSHONITIC BASALTS
8070 8070 8070 8596
P 3 P 4 G 1 P 1
C C C C
49. 43 50. 72 49. 97 50. 71
0.67 0.55 0.62 0. 75
4.46 3.35 4. 15 3. 27
8. 50 7. 89 8. 51 9.36
0. 19 n.d • n ,d . 0. 14
13.83 14.55 13. 86 13. 84
2 2. 21 2 2. 28 22. 24 22. 04
0. 55 0.38 0.52 0. 26
99.84 99. 72 99.87 99.67
1.85 1.89 1.87 1.89
0 . 0 1 0 . 0 1 0 . 0 1 0. 01
0.19 0.14 0. 18 0. 14
0. 26 0. 24 0. 26 0. 29
0 . 0 0 0 . 0 0 0. 00 0. 00
0. 77 0. 80 0. 77 0. 77
0.89 0.89 0. 89 0. 89o.o 0 . 0 2 0.03 0 . 0 1
4. 01 3.99 4. 01 4.00
13. 8 1 2 . 6 13. 8 15. 2
40.0 41.6 40.1 39.6
46.2 45.8 46. 1 45. 2
APPENDIX D (CONTINUED) CLINOPYROXENES
SAMPLE 8596 8596 8596 8596 8596
GRAIN P 1 P 1 P 2 P 3 P 3
SPOT M R C C M
SiO 49. 90 49. 88 50.41 50. 18 49.52
TiO 0.70 0.80 0.69 0.65 0. 83
M 2°3 3.36 3.27 2.99 3. 23 3.86FeO 9.48 9.47 9.27 9.35 9.57
MnO n .d • 0. 16 0. 19 0.13 0. 22
MgO 13.87 13.75 13.69 13.86 13. 30
CaO 22. 13 2 2. 22 22.14 22. 17 22.06
Na_0
2
0. 23 0. 32 0. 38 0. 25 0.40
99. 67 99. 87 99.76 99. 82 99. 76
Si 1.87 1.87 1.89 1 . 8 8 1 . 8 6
Ti 0 . 0 1 0 . 0 2 0 . 0 1 0 . 0 1 0 . 0 2
Al 0.14 0.14 0.13 0.14 0.17
Fe 0. 29 0. 29 0. 29 0. 29 0. 30
Mn 0 . 0 0 0 . 0 0 0. 00 0. 00 0. 00
Mg 0.77 0. 77 0. 76 0.77 0. 74
Ca 0.89 0.89 0.89 0.89 0. 89
Na 0 . 01 0. 02 0. 02 0 . 0 1 0 . 0 2
3.98 4.00 3.99 3.99 4. 00
Fe 15. 1 15.3 1 5. 1 15. 1 15.8
Mg 39.5 39.2 39. 2 39.5 38.4
Ca 45.3 45.5 45.6 45.4 45.8
SHOSHONITIC BASALTS
8596 8596 8596 8596
P 3 P 3 P 1 P 2
M R C C
49.38 49. 89 49. 99 50. 20
0. 55 0.74 0.74 0. 71
3.76 3.61 3.79 3.64
8.89 9.50 9.06 8.99
0.13 n.d. 0. 20 0.17
14.87 13.64 13.92 13.84
2 1 . 2 2 22. 23 21.79 21.90 iu>
0. 33 0.27 0.34 0.35 u>tn1
99. 13 99.88 99.83 99. 80
1 . 8 6 1.87 1.87 1 . 8 8
0 . 0 1 0 . 0 2 0 . 0 2 0 . 0 2
0. 16 0. 16 0.16 0.16
0. 28 0. 29 0. 28 0. 28
0. 00 0. 00 0 . 0 0 0. 00
0. 83 0. 76 0.77 0.77
0.85 0. 89 0.87 0. 88
0 . 0 2 0 . 0 1 0 . 0 2 0 . 0 2
4.01 4.00 3.99 4. 01
14. 3 15.2 14. 9 14. 7
42. 3 39.0 40. 1 39. 9
43.4 45.8 45.0 45.4
APPENDIX D (CONTINUED) CLINOPYROXENES
SAMPLE 8059 8059 8059 8059 8064
GRAIN P 1 P 1 P 1 P 2 P 1
SPOT C M R C C
SiO. 50.95 50. 81 50.91 51.29 49. 97
2TiO 0.69 0.57 0. 68 0.54 0.78
A1 ° 2. 93 2.87 2 . 80 2.09 3.32
2 3 FeO 8. 76 8.78 8. 83 8. 88 8.85
MnO 0. 18 0. 20 0.13 0 . 21 0.44
MgO 14. 90 15.05 14.83 14.99 14.68
CaO 2 1 . 0 0 21.19 21.31 2 1 .55 21.28
^ 2° 0.41 0.31 0. 23 0. 27
0. 29
99. 82 99.78 99.72 99.82 99.61
Si 1.90 1.89 1.90 1.91 1.87
Tl 0. 01 0 . 0 1 0 . 0 1 0 . 0 1 0 . 0 2
Al 0 . 1 2 0 . 1 2 0 . 1 2 0. 09 0. 14
Fe 0. 27 0.27 0. 27 0. 27 0. 27
Mn 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 1
Mg 0.82 0. 83 0.82 0. 83 0. 82
Ca 0.84 0.84 0. 85 0. 86 0. 85
Na 0 . 0 2 0. 02 0 . 0 1 0. 01 0 . 0 2
3.98 3.98 3. 98 3.98 4.00
Fe 14. 3 14. 2 14. 2 14.2 14. 7
Mg 42.6 42.6 42. 2 42. 2 41.8
Ca 43. 1 43. 2 43. 6 43.6 43.5
SHOSHONITIC BASALTIC ANDESITES
8064 8064 8064
P 1 P 1 G 1
M R C
51.15 50. 26 51.10
0.62 0.76 0. 58
2.87 3.09 2. 86
8.77 8.63 8. 40
0. 53 0.59 0.56
14.96 14.39 14.64
21.28 20. 97 20.96
0. 26 0.43 0. 33
100.44 99. 12 99.43
1.90 1.89 1.91
0. 01 0 . 0 2 0 . 0 1
0 . 1 2 0. 13 0 . 1 2
0.27 0. 27 0. 26
0 . 0 1 0 . 0 1 0 . 0 1
0.82 0. 80 0 . 81
0.84 0.84 0.84
0. 01 0.03 0 . 0 2
3.98 3.99 3.98
14.6 14.8 14.4
4 2.2 41.6 42. 2
43. 2 43.6 43.4
8600 8062
P 1 P 1
C C
51.45 51.49





20. 78 21.1 7 1
0.42 0.45 wOJ
a\i99. 77 99. 79
1.91 1.91
0 . 0 1 0 . 0 1
0. 1 0 0 . 1 0
0. 26 0. 25




3. 99 3. 97
13.9 13.6
43.6 43.1
42. 5 43. 3
APPENDIX D (CONTINUED) CLINOPYROXENES
SAMPLE 8062 8066 8066 8066 8606
GRAIN G 1 P 1 G 1 G 2 P 1
SPOT C C C C C
sic>o 51.49 50. 74 51.49 51.36 51.40
TiO 0.42 0.73 0. 60 0. 58 0.74
M OO 1 2. 50 2. 91 2.57 2 . 6 6 2.14
FeO 8.41 8.90 8 . 6 6 8.76 8. 51
MnO 0. 20 0.52 0.38 0.48 0. 21
MgO 15.31 14. 78 14. 91 14.93 15.01
CaO 21.19 21.39 21.08 21.39 21.46
Na 0 
2
0. 21 0.19 0. 24 0. 26 0. 38
99. 73 1 0 0. 16 99.93 100. 42 99.85
Si 1.91 1.89 1.91 1.90 1.91
Ti 0. 01 0 . 0 2 0 . 0 1 0 . 0 1 0. 02
A1 0 . 1 0 0 . 1 2 0 . 1 1 0. 1 1 0.09
Fe 0 . 26 0. 27 0. 26 0. 27 0. 26
Mn 0 . 0 0 0 . 0 1 0. 01 0. 01 0. 00
Mg 0.85 0. 82 0. 82 0.82 0.83
Ca 0.84 0. 85 0.84 0.85 0. 85
Na 0 . 0 1 0. 01 0 . 0 1 0 . 0 1 0. 02
3.98 3.99 3.97 3, 98 3. 98
Fe 13.6 14. 8 14. 3 14. 5 13.8
Mg 43. 3 41.8 42. 5 42. 1 42.5


























8606 8606 8606 PC 295
P 1 P 2 P 3 P 1
R C C
51.54 51.03 51.94 50.66
0.67 0.56 0. 56 1 . 1 1
2. 37 2. 18 1 .74 2. 83
8. 20 9.43 9.31 10. 51
0. 22 0. 31 0. 22 n.d .
15. 24 16.32 16. 00 14. 16
21.31 19. 25 19.52 20. 96
0. 32 0. 38 0.59 0.33
99.87 99.46 99.88 1 00. 56
1.91 1.91 1 .93 1.89
0. 01 0 . 0 1 0 . 0 1 0. 03
0 . 1 0 0.09 0.07 0. 1 2
0. 25 0. 29 0.29 0.32
0. 00 0 . 0 0 0. 00 0. 00
0.84 0. 91 0 . 8 8 0. 78
0.85 0. 77 0.77 0. 83
0 . 0 2 0. 02 0.04 0 . 0 2
4.01 4.00 3.99 3.99
1 3. 3 15.3 15. 1 16. 8
43. 2 45.9 45.2 40.3
43. 5 38. 8 39. 7 42. 9
APPENDIX D (CONTINUED) CLINOPYROXENES SHOSHONITIC ANDESITE
SAMPLE 8069 8069 8069 8069 8069 8069 8069
GRAIN P 1 P 1 P 2 P 2 G 1 G 2 G 3
SPOT C R C R C C C
SiC>2 51.74 51.49 51.74 52. 19 51.49 50. 85 51.59
TiO 0. 57 0. 60 0. 56 0.55 0. 58 0. 73 0. 66
Al O 1.55 1.36 1.16 1.59 1.36 1.73 1.94
FeO 10. 39 11.07 1 1.26 9.59 1 1 . 1 2 1 1 . 2 1 1 0. 51
MnO 0. 23 0. 39 0. 24 0. 34 0. 77 0. 77 0.69
MgO 14. 73 14. 38 14. 21 14. 59 14.12 13. 59 14.69
CaO 20. 49 20. 38 2 0. 28 20. 38 1 9. 93 1 9. 98 20.08
Na2 0 0.18 0. 19 0. 28 0. 30 0. 23 0. 25 0 . 2 2
99. 88 99. 86 99. 73 99. 53 99. 60 99. 11 100.38
Si 1.93 1.93 1.95 1.95 1.94 1.93 1.92
Ti 0. 01 0. 01 0 . 0 1 0. 01 0. 01 0. 02 0 . 0 1
Al 0 . 06 0. 06 0.05 0. 07 0.06 0. 07 0.08
Fe 0. 32 0. 34 0.35 0. 30 0. 35 0. 35 0.32
Mn 0 . 0 0 0. 01 0. 00 0 . 0 0 0. 02 0. 02 0. 01
Mg 0. 82 0. 80 0. 79 0. 81 0. 79 0. 77 0. 81
Ca 0 . 82 0. 82 0. 81 0.81 0.80 0. 81 0. 80
Na 0 . 0 1 0. 01 0 . 0 2 0. 02 0 . 0 1 0. 01 0 . 0 1
3.97 4. 01 4. 01 4.00 4.01 4. 01 3.96
Fe 16. 8 18. 1 18. 3 15. 9 18.8 19. 3 1 7.6
Mg 41.6 40. 6 40. 3 41.9 40. 3 39. 2 41.6
Ca 41.6 41.3 41.4 42. 2 40. 9 41.5 40.8
-338-
A P P E N D I X  D (CONT I N U E D )  C L I N O P Y R O X E N E S
SAMPLE PC 168 PC 168 PC 208 PC 208 PC 208 PC 208
GRAIN P 1 P 1 P 1 P 1 P 1 P 2
SPOT C R C M R C
SiO 49* 24 49.83 50. 29 49.56 49. 30 48.55
TLO 0. 60 0. 50 0.47 0.46 0.65 0.69
A1 09 ? 4.71 4.52 3.70 4. 71 4.50 5.14
FeO 8. 06 8. 19 8.03 8. 23 8. 54 9.23
MnO 0. 18 n.d • 0. 14 0 . 1 2 0.15 0 . 1 2
MgO 14. 69 14. 95 15. 26 15.08 14.59 13.96
CaO 21.82 22.30 21.59 20. 99 21.70 21.74
^ 2° 0.43 0.30 0. 21 0.51 0. 32 0. 28
99. 73 100. 59 99. 69 99.66 99.75 99. 71
Si 1.84 1.84 1.87 1.85 1.84 1.82
Ti 0. 01 0 . 0 1 0 . 0 1 0. 01 0 . 0 1 0 . 0 1
A1 0 . 20 0.19 0. 16 0. 20 0. 19 0 . 2 2
Fe 0.25 0. 25 0. 25 0. 25 0. 26 0.29
Mn 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
Mg 0.81 0. 82 0.84 0.84 0.81 0. 78
Ca 0.87 0. 88 0. 86 0. 84 0.87 0. 87
Na 0.03 0. 02 0. 01 0. 03 0 . 0 2 0. 02
4.01 4.01 4.00 4.02 4.00 4. 01
Fe 13. 2 12.9 12. 9 13.4 13.8 15.0
Mg 42. 0 42.0 43. 2 43. 3 41.7 40.1
Ca 44.8 45. 1 43.9 43. 3 44. 5 44.9
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APPENDIX D (CONTINUED) CLINOPYROXENES
SAMPLE PC1 69 PC 169 PC1 62 PC 162 PC1 62
GRAIN P 3 G 1 P 1 P 1 P 1
SPOT R C C M R
SiO
2
50. 65 47.36 51.32 51.70 50.92
H O 0. 36 1.24 0. 33 0. 29 0.35
Ai O 
0 7 4. 02 6. 06 2. 31 2. 22 2. 85
FeO 7. 82 9. 95 9. 22 9. 29 9.03
MnO n .d • 0. 19 0. 19 0. 19 n.d •
MgO 15. 39 13.54 1 4. 55 14.53 14.56
CaO 21.15 2 2 . 0 2 21.53 21.70 21.81
Na20 0.46 0. 38 0.27 n.d • 0. 25
99. 85 99. 74 99. 72 99.92 99. 77
Si 1 . 8 8 1.78 1.92 1.93 1.90
Ti 0 . 0 1 0.03 0 . 0 0 0 . 0 0 0 . 0 0
Al 0.17 0. 27 0. 1 0 0.09 0 . 1 2
Fe 0. 24 0. 31 0. 28 0. 29 0. 28
Mn 0 . 0 0 0 . 0 0 0. 00 0. 00 0 . 0 0
Mg 0 . 85 0. 76 0. 81 0.80 0.81
Ca 0.84 0. 85 0 . 8 6 0 . 8 6 0.87
Na 0. 03 0. 02 0 . 0 1 0 . 0 0 0 . 0 1
4.02 4 . 0 2 3.98 3.97 3.99
Fe 12.5 16. 5 14. 9 15.0 14. 3
Mg 44.0 39. 5 41.2 410 41.3
Ca 43. 5 44.0 43. 9 44.0 44.4
TERMEIL COMPLEX
PC1 62 PC 162 PC1 62 PC1 62
P 2 P 3 P 4 P 5
C C C C
51.69 50. 88 51.13 49.89
0. 24 0.36 0.37 0.46
2. 28 2.39 2.49 3.86
9.14 9.42 9. 51 9.55
0. 14 0. 34 0. 20 n.d •
14. 75 14. 56 14.66 14.63
21.67 21.05 21.04 20. 97
n.d • 0.44 n.d. 0.36
99.91 99.44 99.40 99.72
1.92 1.91 1.92 1.87
0 . 0 0 0 . 0 1 0 . 0 1 0. 01
0 . 1 0 0 . 1 0 0 . 1 1 0.17
0. 28 0. 29 0. 29 0.29
0. 00 0 . 0 0 0 . 0 0 0 . 0 0
0. 82 0.81 0.82 0. 81
0 . 8 6 0.84 0.84 0. 84
0 . 0 0 0.03 0 . 0 0 0 . 0 2
3. 98 3.99 3.99 4.01
14.6 15. 5 15.4 15.3
41.5 41.5 41.6 41.7
43.9 43.0 43.0 43.0
APPENDIX D (CONTINUED)
SAMPLE PC 272 PC 272 PC272
GRAIN P 1 P 2 P 3
SPOT C C C
SiO2 51.64 51.10 50. 83
H O 0. 38 0. 44 0.41
Ai 0 2 3 2.08 3.12 2. 73
FeO 10. 92 9. 25 9. 54
MnO 0. 37 0. 24 0. 19
MgO 14.16 15. 24 14.94
CaO 20. 48 21.18 20. 70
Na2° 0. 43 0. 35 0. 25
1 00. 46 1 00. 92 99. 59
Si 1.93 1.89 1.90
H 0 . 0 1 0 . 0 1 0 . 0 1
Al 0.09 0. 13 0 . 1 2
Fe 0.34 0. 28 0.29
Mn 0 . 01 0. 00 0. 00
Mg 0. 78 0.84 0. 83
Ca 0.82 0. 84 0. 83
Na 0. 03 0. 02 0. 01
4.01 4.01 3.99
Fe 1 7. 9 14. 8 15.4
Mg 40. 3 42.6 42.4
Ca 41.8 42.6 42. 2
CLINOPYROXENES TERMEIL COMPLEX
PC 268 PC 268 PC 268 PC 268 PC1 31
P 1 P 2 P 3 P 4 P 1
C C C C C
50. 26 49. 05 49. 91 49. 96 50.96
0.93 0. 99 0. 75 0. 85 0.29
2. 91 3.84 3.08 3. 22 2.92
9. 52 9. 82 9. 09 9.04 9. 81
0. 30 0. 23 0. 22 0. 20 0.13
14.48 14. 22 14. 79 14. 84 14.97
2 0 . 6 8 20. 91 20. 83 20. 51 20.64
0.52 0. 61 0.56 0.43 0. 18
99. 60 99.67 99. 23 99.05 99. 90
1.89 1.85 1 . 8 8 1 . 8 8 1.90
0 . 0 2 0. 02 0 . 0 2 0 . 0 2 0 . 0 0
0. 1 2 0.17 0. 13 0. 14 0 . 1 2
0. 29 0.31 0. 28 0. 28 0.30
0 . 0 0 0 . 0 0 0 . 0 0 0. 00 0 . 0 0
0. 81 0.80 0. 83 0. 83 0.83
0. 83 0.84 0. 84 0. 82 0.82
0.03 0.04 0.04 0.03 0 . 0 1
3. 99 4. 03 4. 02 4.00 3. 98
15. 7 16. 1 14. 9 14. 9 15.7
41.6 40. 8 42. 3 42. 7 42. 3
42. 7 43. 1 42. 8 42. 1 42.0
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APPENDIX D (CONTINUED)
SAMPLE PC1 31 PC 1 31 PC1 31
GRAIN P 1 P 1 P 2
SPOT M R C
SiC) 50. 55 51.79 50.99
H O 0.44 0. 21 0. 44
Al 0 2 3 3. 20 2. 19 2. 51FeO 1 0 . 1 2 8. 35 9. 64
MnO 0. 23 0. 18 0. 21
MgO 14.97 15. 31 14.95
CaO 2 0. 82 21.53 21.19
Na20 0. 47 0. 19 0. 27
1 0 0. 80 99.75 1 00. 20
si 1 . 8 8 1.93 1.90
Tl 0. 01 0 . 0 0 0 . 0 1
Al 0. 14 0. 09 0. 1 1
Fe 0. 31 0. 26 0. 30
Mn 0 . 0 0 0. 00 0. 00
Mg 0. 83 0. 85 0. 83
Ca 0. 83 0. 85 0. 84
Na 0. 03 0 . 0 1 0. 01
4.03 3.99 4.00
Fe 16. 2 13. 4 15.4
Mg 41.9 43. 1 41.9
Ca 41.9 43. 5 42. 7
CLINOPYROXENES TERMEIL COMPLEX
PC 1 31 PC 1 31 PC1 31 PC1 31 PC1 31
P 2 P 2 P 3 P 3 P 4
M R C R C
50. 61 50. 38 50. 99 51.62 51.10
0.43 0. 44 0. 39 0. 34 0.45
2. 66 2. 70 2. 41 2. 73 2.63
9. 48 9. 65 9. 88 9.36 9.43
0. 16 0. 16 0. 14 n.d. n .d •
14.92 14. 58 14. 59 14. 91 14.64
21.16 21.30 21.13 21.23 21.31
0.19 0. 19 0. 22 0. 20 0. 20
99.61 99. 40 99. 75 100.39 99. 76
1.90 1.89 1.91 1.91 1.91
0. 01 0 . 0 1 0 . 0 1 0. 00 0 . 0 1
0 . 1 1 0. 1 2 0. 1 0 0 . 1 1 0 . 1 1
0. 29 0. 30 0. 31 0. 29 0.29
0. 00 0. 00 0. 00 0. 00 0 . 0 0
0. 83 0. 81 0. 81 0. 82 0.81
0.85 0. 86 0. 85 0. 84 0.85
0. 01 0. 01 0 . 0 1 0. 01 0 . 0 1
4.00 4. 00 4. 00 3. 98 3. 99
15. 1 15. 5 15.9 14. 8 15.0
42. 0 41.2 41.2 42. 1 41.6
42. 9 43. 3 42. 9 43. 1 43.4
APPENDIX D (CONTINUED) CLINOPYROXENES
SAMPLE PC 276 PC 276 PC 264 PC 264 PC 264 PC 280
GRAIN P 1 P 2 P 1 P 2 G 2 P 1
SPOT C C C C C C
SiO 48. 89 50.46 49. 66 51.06 50. 95 50.53
T i O 0. 93 0.98 0.94 0.69 0. 60 0. 80
3.64 3. 23 3.70 2. 37 1.85 2.96
FeO 8. 78 9. 32 8. 99 9. 25 9. 82 9.16
MnO n *d. 0. 21 0. 23 0.18 0. 36 0. 24
MgO 14. 16 14. 50 14. 98 14. 75 14. 1 2 14. 75
CaO 21.60 21.42 20.94 21.23 20.98 21.23
Na20 0. 56 0.45 0. 51 0. 46 0.47 0. 47
99. 56 1 00.57 99. 95 99.99 99.15 100. 14
Si 1.87 1.87 1.85 1.91 1.92 1 . 8 8
Ti 0 . 0 2 0 . 0 2 0 . 0 2 0 . 0 1 0 . 0 1 0 . 0 2
Al 0.16 0. 14 0. 16 0 . 1 0 0. 08 0. 13
Fe 0. 27 0. 29 0. 28 0. 28 0.31 0. 28
Mn 0 . 00 0. 00 0 . 0 0 0 . 0 0 0. 01 0 . 0 0
Mg 0. 79 0. 80 0. 83 0. 82 0. 79 0. 82
Ca 0 . 86 0. 85 0. 84 0. 85 0. 85 0.85
Na 0.04 0. 03 0. 03 0.03 0.03 0.03
4.01 4.00 4. 01 4.00 4.00 4.01
Fe 14. 2 15. 1 14.6 15.0 1 6. 3 14. 9
Mg 40. 9 41.2 42.6 41.8 40. 5 41.8
Ca 44.9 43.7 42.8 43.0 43. 2 43. 3
MILTON COMPLEX
PC 261 PC 261 PC 261 PC 261
P 1 P 2 G 1 G 2
C C C C
50.91 51.03 50.84 51.08
0. 77 0. 87 0. 71 0. 59
3. 72 3. 17 2.27 2. 31
9.48 9.37 9.38 8.98
0. 25 0. 22 0.38 0.41
13. 95 15.00 14.31 14.37
20. 30 20. 78 20. 99 21.07 i
0.42 0. 50 0.49 0. 46 u>£>OJ
99.80 1 00. 94 99. 37 99.1 8 1
1.90 1 . 8 8 1.91 1.92
0 . 0 2 0 . 0 2 0 . 0 2 0. 01
0.16 0.13 0 . 1 0 0 . 1 0
0. 29 0.29 0.29 0. 28
0 . 0 0 0 . 0 0 0 . 0 1 0. 01
0. 77 0. 82 0. 80 0. 80
0. 81 0.82 0.84 0. 84
0. 03 0.03 0. 03 0. 03
3.98 3. 99 4. 00 3. 99
16.0 15.2 15. 2 14.6
41.0 42.5 41.3 41.6
43. 0 42. 3 43. 5 43. 8
APPENDIX D (CONTINUED) CLINOPYROXENES MILTON COMPLEX
SAMPLE PC 281 PC 281 PC 281 PC 253 PC 253 PC 253 PC 282 PC 282 PC 282 PC 282 PC 282
GRAIN P 1 P 2 P 3 P 1 P 1 P 1 P 1 P 2 P 3 G 1 G 2
SPOT C C C C C C C C C C C
SiO_
2 51.62 50. 99 50.55 50. 13 50. 58 50.73 50.60 49. 15 50.42 51.74 51.38
0iO2 0. 66 0. 61 1.07 0.85 0. 77 0. 78 0. 87 1.17 0. 87 0. 76 0. 68
A]. O 2 3 1.55 2. 38 2. 79 2.97 2. 73 2. 35 3. 52 4. 70 2. 36 2. 15 1.93FeO 11.18 8. 84 9. 57 9. 10 8. 95 9. 27 8.64 9.47 9.85 9.85 10. 41
MnO 0. 41 0. 31 0. 29 0. 30 0. 30 0. 25 n.d. 0. 24 0. 25 0. 48 0. 35
MgO 13.45 14.65 14. 28 14.54 14. 49 14. 52 14. 87 14. 03 14.62 14. 25 14. 1 7
CaO 20. 76 2 1 . 1 1 20. 93 2 0. 95 20. 94 21.09 2 1 . 1 2 20.74 2 0. 88 20.63 20. 70
Na 0  
2 0. 62 0. 32 0.45 0. 54 0.40 0. 39 0. 51 0. 58 0.48 0.62 0. 50
1 00. 25 99. 21 99. 93 99. 38 99. 16 99.38 100.13 1 0 0. 08 99. 73 100.48 1 0 0 . 1 2
Si 1.94 1.91 1.89 1 . 8 8 1.90 1.91 1 . 8 8 1.84 1.89 1.92 1.92
Ti 0. 01 0 . 0 1 0.03 0. 02 0. 02 0 . 0 2 0 . 0 2 0.03 0 . 0 2 0. 02 0 . 0 1
Al 0 . 06 0. 1 0 0. 1 2 0. 13 0 . 1 2 0 . 1 0 0.15 0. 20 0. 1 0 0.09 0. 08
Fe 0. 35 0. 27 0. 30 0. 28 0. 28 0. 29 0. 26 0. 29 0. 31 0. 30 0.32
Mn 0 . 0 1 0. 00 0. 00 0 . 0 0 0 . 0 0 0. 00 0 . 0 0 0. 00 0. 00 0. 01 0. 00
Mg 0. 75 0.82 0. 79 0. 81 0.81 0. 81 0.82 0. 78 0. 82 0. 79 0. 79
Ca 0.83 0. 85 0. 84 0.84 0. 84 0.85 0.84 0. 83 0.84 0. 82 0. 83
Na 0.04 0. 02 0. 03 0.03 0. 02 0 . 0 2 0.03 0.04 0.03 0. 04 0. 03
3.99 3. 98 4.00 3. 99 3. 99 4. 00 4.00 4. 01 4.01 3. 99 3. 98
Fe 18. 5 14. 6 15.8 15.0 14. 9 15. 2 13.9 15.8 16.0 16.5 17.1
Mg 38. 6 42.0 41.0 41.8 41.7 41.5 42. 6 40.8 41.4 40.9 40.4
Ca 42. 9 43.4 43. 2 43. 3 43.4 43. 3 43. 5 43.4 42. 6 42. 6 42. 5
APPENDIX D (CONTINUED) CLINOPYROXENES
SAMPLE 2003 2003 2003 2003 2003 2000
GRAIN P 1 P 2 P 3 P 4 G 1 P 1
SPOT C C C C C C
SiO 51.94 51.66 51.70 50. 83 49. 87 50. 64
T i O 0.54 0.60 0. 70 0. 96 0. 86 0. 66
M 2°3
FeO
2 . 1 1 2. 28 1.93 2. 83 3. 74 3. 72
8. 06 8. 31 8. 32 9.49 8. 1 2 8.46
MnO 0. 20 0. 13 0. 22 0. 23 0.13 n.d •
MgO 15.81 16. 30 15.75 15. 52 15.74 15.95
CaO 20.87 20. 32 2 0 . 8 6 19.47 20. 93 19. 82
Na 0  
2
0.33 0. 20 0.47 0.39 0. 36 0.47
99. 86 oCO•<Js 99.77 99.80 99. 75 99. 72
Si 1.92 1.91 1.92 1.89 1 . 8 6 1 . 8 8
Ti 0. 01 0 . 0 1 0. 01 0 . 0 2 0 . 0 2 0 . 0 1
Al 0.09 0. 09 0. 08 0. 1 2 0.16 0.16
Fe 0. 25 0.25 0.25 0. 29 0.25 0. 26
Mn 0 . 0 0 0. 00 0. 00 0. 00 0. 00 0 . 0 0
Mg 0.87 0. 90 0.87 0. 86 0. 87 0 . 8 8
Ca 0.83 0. 80 0. 82 0. 77 0.83 0. 78
Na 0 . 0 2 0. 01 0.03 0. 02 0 . 0 2 0.03
3.99 3.97 3.98 3.97 4.01 4.00
Fe 13. 0 13. 2 13. 5 15.5 1 2 . 8 13. 6
Mg 44. 6 45.8 44. 5 44. 4 44.6 45.6
Ca 42.4 41.0 42. 0 40. 1 42.6 40. 8
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APPENDIX D (CONTINUED) CLINOPYROXENES
SAMPLE 2000 1 995 1993 1993 1 993 1991
<31A IN G 2 P 1 G 1 G 2 G 3 P 1
SPOT C C C C C C
SiO 50* 95 50.88 49. 44 50. 23 50.43 50. 37
H O 0. 83 0. 71 0. 83 0. 83 0. 71 0.67
M 2°3 3.03 3.39 4.48 3.98 3. 29 3. 30FeO 8. 12 7. 73 8.43 7. 83 7. 71 8. 10
MnO n .d . n .d . n .d. n .d • 0. 12 n.d.
MgO 15. 41 15. 35 15. 24 15.44 15.32 15.45
CaO 21.16 21.61 21.16 21.25 21.29 21.45
Na2° 0. 27 0. 34 0. 32 0. 34 0. 33 0.43
99. 77 1 00. 01 99. 90 1 00. 40 99. 20 99. 77
Si 1.89 1 . 8 8 1.84 1.85 1 . 8 8 1.87
Ti 0. 02 0. 01 0. 02 0 . 0 2 0. 02 0. 01
Al 0. 13 0. 14 0.19 0.19 0. 14 0.14
Fe 0. 25 0. 24 0. 26 0. 24 0. 24 0. 25
Mn 0. 00 0. 00 0. 00 0 . 0 0 0 . 0 0 0. 00
Mg 0 . 85 0. 84 0. 84 0.85 0. 85 0.85
Ca 0.84 0. 85 0. 84 0.84 0.85 0. 85
Na 0 . 0 1 0. 02 0. 02 0. 02 0. 02 0.03
3.99 3. 98 4. 01 4.01 4.00 4.00
Fe 12. 9 12. 3 13. 4 12.5 12. 5 1 2 . 8
Mg 43. 8 43.6 43. 3 44.0 43.8 43.6
Ca 43. 3 44. 1 43. 3 43.5 43. 7 43.6
COON EM IA COMPLEX
1991 1981 1981 1981
P 2 P 1 P 2 P 3
C C C C
52. 38 50. 25 49. 98 51.12
0. 67 0. 84 0. 88 0. 71
1.59 3.56 3. 91 2. 59
7. 80 8. 36 8.47 8 . 1 8
n *d. n .d . n .d . 0. 14
15.80 15. 22 14. 85 15. 26
21.25 21.24 21.30 21.44
0. 36 0. 29 0.40 0. 37
99. 85 99. 76 99. 79 99.81
1.94 1.87 1 . 8 6 1.90
0. 01 0 . 0 2 0 . 0 2 0. 01
0. 06 0. 15 0. 1 7 0 . 1 1
0. 24 0. 26 0. 26 0. 25
0. 00 0. 00 0. 00 0 . 0 0
0. 87 0.84 0. 82 0. 84
0. 84 0.84 0. 85 0. 85
0. 02 0. 02 0 . 0 2 0 . 0 2
3. 98 4. 00 4.00 3. 98
12. 3 13.3 13.6 13. 2
44.6 43. 3 42. 5 42. 2
43. 1 43.4 43. 9 43. 6
APPENDIX D (CONTINUED) CLINOPYROXENES
SAMPLE 1979 1979 1978 1978 1975
GRAIN P 1 P 2 P 1 P 2 P 1
SPOT C C C C C
SiO 50. 81 50. 25 50. 22 50. 89 51.61
TIO 0. 95 0. 84 0.70 0.54 0. 70
A1 0 2.82 3.56 3.89 3.44 2.03
£• jFeO 9. 16 8. 36 7.04 6. 93 8. 39
MnO 0. 33 n.d • n .d • n .d • 0. 19
MgO 14. 68 15. 22 15.86 16. 00 15.74
CaO 20. 76 21.24 2 2 . 0 2 2 2. 1 2 20. 77
Na2 0 0. 41 0.29 0. 25 0. 26 0. 46
99. 92 99. 76 99. 98 1 0 0. 18 99.89
Si 1.89 1.87 1 . 8 6 1 . 8 8 1.92
Ti 0 . 0 2 0. 02 0 . 0 1 0 . 0 1 0 . 0 1
A1 0 . 1 2 0. 15 0. 17 0. 15 0.08
Fe 0 . 28 0. 26 0. 21 0. 21 0. 26
Mn 0 . 0 0 0. 00 0 . 0 0 0 . 0 0 0 . 0 0
Mg 0.81 0. 84 0. 87 0. 88 0. 87
Ca 0.83 0. 84 0. 87 0. 87 0. 82
Na 0 . 02 0 . 0 2 0 . 0 1 0 . 0 1 0. 03
3. 97 4. 00 4.00 4. 01 3. 99
Fe 15. 2 13.3 1 1 . 1 10.9 13. 5
Mg 42. 1 43. 3 44.5 44. 7 44.4
Ca 42. 7 43.4 44.4 44.4 42. 1
COON EM IA COMPLEX
1975 1972 1 972 1972
P 2 P 1 P 2 G 1
C C C C
51.39 49.87 49. 91 48.86
0.80 0. 71 0.94 1.28
2. 35 3.91 3. 90 4. 82
8.63 7.89 8.34 9.37
0. 24 n.d • n.d • 0.16
15. 21 15.81 15.33 14.41
20. 71 20. 94 20. 76 20.82
0.41 0.24 0.39 0.41
99. 74 99. 37 99.57 1 00. 1 3
1.91 1 . 8 6 1 . 8 6 1.82
0 . 0 2 0 . 0 2 0 . 0 2 0.03
0. 1 0 0.17 0. 17 0. 21
0. 26 0. 24 0. 26 0. 29
0. 00 0 . 0 0 0 . 0 0 0. 00
0. 84 0 . 8 8 0. 85 0. 80
0. 82 0. 83 0.83 0. 83
0 . 0 2 0. 01 0 . 0 2 0. 02
3. 97 4.01 4.01 4.00
14. 1 12. 5 13.4 15. 3
43.4 44. 8 43.9 41.5
42. 5 42. 7 42.7 43. 2
APPENDIX D (CONTINUED)
STOCKYARD MOUNTAIN BASALT
SAMPLE PC201 PC201 PC201 PC 201
GRAIN G 1 G 2 G 3 G 4
SPOT C C C C
SiO 51.47 51.80 51.1 6 51.15
Ti 0 0.61 0.74 0.61 0.61
Al 0 2.83 2.17 2.89 2.75
2 3FeO 8.40 9.66 8.85 8.29
MnO 0.1 5 0.32 0 . 1  5 0.1 3
MgO 15.63 15.51 15.80 15.88
CaO 20.27 19.16 20.73 20.58
Na O 0.47 0.50 0.35 0.30?
99.83 99.86 99.82 99.69
Si 1.91 1.93 1.90 1.90
Ti 0 . 0 1 0 . 0 2 0 . 0 1 0 . 0 1
Al 0 . 1 2 0.09 0 . 1 2 0 . 1 2
Fe 0.26 0.30 0.27 0.25
Mn 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
Mg 0 . 8 6 0 . 8 6 0.83 0 . 8 8
Ca 0.80 0.76 0.82 0.82
Na 0.03 0.03 0 . 0 2 0 . 0 2
3.99 3.99 3.97 4 . 0 0
Fe 13.7 16.0 14.4 13.3
Mg 44.7 44.5 43.1 44.9












































































APPENDIX D i(CONTINUED) FELDSPARS
SAMPLE 8058 8058 8058 8058 8058
GRAIN P 1 P 1 P 2 P 3 P 3
SPOT C R C C R
SiO
2
47.97 48.74 48. 16 47.91 48.41
Al 0 9 o 32.36 31 .59 32.76 32.74 32.60¿ -JFeO 0.52 0 . 6 8 0.44 0.48 0.55
MqO 0 . 1 1 0 . 2 1 0.09 0.19 0.28
CaO 15.86 15.00 15.86 16.03 15.70
Na^O 2.32 2 . 8 8 2.30 2.71 2.80
K2° 0.26 0.32 0.26 0.24 0. 32
99.40 99.42 99.87 100.30 1 0 0 . 6 6
Si 8.87 9.00 8.85 8.79 8.84
Al 7.05 6 . 8 8 7.10 7.08 7.02
Fe 0.08 0 . 1 0 0.07 0.07 0.08
Mg 0.03 0.06 0 . 0 2 0.05 0.07
Ca 3.14 2.97 3.12 3.15 3.07
Na 0.83 1.03 0.82 0.96 0.99
K 0.06 0.07 0.06 0.05 0.07
20.06 2 0 . 1 1 20.04 20.15 20.14
Ab 2 0 . 6 25. 3 20.5 23.2 24.0
An 77.9 72.8 78.0 75.5 74. 2
Or 1.5 1.9 1.5 1 .3 1 . 8
SHOSHONITIC BASALTS
8058 8058 8058 8058 8058
P 4 P 4 G 1 G 2 G 3
C R C C C
48.84 47. 23 55.81 56.13 65.65
32.17 33.34 27.63 26.24 19.74
0.46 0.53 0. 39 0.61 0.46
0.08 0.17 0. 28 0.45 n .d •
15.08 16.35 9.95 9.06 1 . 1 1
2.81 2 . 21 5.38 5.44 5.78
0.24 0.24 0.59 1.45 7.81
99.68 100.07 100.03 99.38 100.55
8.97 8.69 10.06 1 0 . 2 2 11 .77
6.97 7. 23 5.87 5.63 4.17
0.07 0.08 0.05 0.09 0.06
0 . 0 2 0.04 0.07 0 . 1 2 0 . 0 0
2.97 3.22 1.92 1.76 0 . 2 1
1 . 0 0 0.78 1 . 8 8 1 .92 2 . 0 1
0.05 0.05 0.13 0. 33 1.78
20.05 20.09 19.98 20.07 2 0 . 0 0
24.9 19.4 47.8 47.7 50. 1
73.7 79. 2 48.8 43.9 5.3
1 .4 1.4 3.4 8.4 44.6
APPENDIX D (CONTINUED) FELDSPARS
SAMPLE 8068 8068 8068 8068 8068
GRAIN P 1 P 2 P 2 P 2 G 1
SPOT C C M R C
Si 0 54. 96 54.02 54. 46 55. 19 55. 01
Al O 27. 74 28.07 28. 21 27. 33 27. 82
FeO 0. 63 0. 68 0. 70 0.74 0. 71
MgO 0. 42 0.44 0. 35 0. 35 0. 39
CaO 10. 65 1 0 . 86 10. 67 10. 14 1 0 . 01
Na 0 4. 93 4. 87 4. 90 5.11 5. 16z
K2° 0. 88 0. 95 0. 97 0. 96 0. 95
1 00. 21 99. 89 1 00. 26 99. 82 1 00. 05
Si 9. 94 9. 83 9 . 8 6 1 0 . 01 9. 96
Al 5. 91 6. 02 6. 02 5. 85 5.94
Fe 0.09 0. 1 0 0. 10 0. 11 0 . 1 0
Mg 0 . 1 1 0. 1 1 0. 09 0. 09 0. 1 0
Ca 2. 06 2. 11 2.07 1 .97 1 .94
Na 1. 73 1.71 1.72 1.79 1.81
K 0. 20 0. 22 0. 22 0. 22 0. 21
20.04 2 0. 10 2 0. 08 20. 04 20. 06
Ab 43. 3 42.4 42. 9 45.0 45.6
An 51.7 52. 2 51.6 49.4 48. 9
Or 5.0 5.4 5.6 5.6 5.5
SHOSHONITIC BASALTS
8068 7843 7843 7843
G 2 P 1 P 1 P 1
C C M R
65. 41 54. 19 54. 70 54. 59
1 9. 79 28. 66 28. 14 28. 29
0. 22 n.d . n .d . 0. 60
n.d . n .d . n .d . n .d •
0. 97 10. 70 10. 47 10. 54
5. 02 4. 98 5. 11 5. 1 2
8.43 0. 87 1 . 0 0 0. 87
99.84 99. 40 99.42 1 0 0. 01 IU)cnO
11.80 9. 80 9.94 9.89
4. 21 6 . 1 1 6.03 6.04
0.03 0. 00 0 . 0 0 0.09
0. 00 0. 00 0. 00 0 . 0 0
0. 18 2. 07 2.04 2. 04
1.75 1.74 1.80 1.80
1.94 0. 20 0. 23 0. 20
19. 91 19. 92 20. 04 2 0. 06
45. 2 43.4 44. 2 44. 5
4. 8 51.6 50. 1 50. 5
50. 0 5. 0 5. 7 5.0
APPENDIX D (CONTINUED) FELDSPARS
SAMPLE 7843 7843 7843 7843 7843
GRAIN P 2 P 3 P 3 P 3 G 1
SPOT C C M R C
SiO 54, 53 54. 65 55.79 55.66 65.42
Al 02 3 27. 69 28.37 26. 89 26. 92 19. 57
FeO 0. 56 0. 57 0. 65 0. 83 0.37
MgO 0.31 n .d • n *d • n .d • n .d •
CaO 1 0 . 20 10.41 9.61 9.42 0 . 8 8
Na 09 4.95 5.15 5.35 5.42 5.28
K2° 0. 97 0. 95 1 . 2 2 1.35 8.60
99. 21 1 0 0 . 1 0 99.51 99. 60 1 0 0 . 1 2
Si 9.95 9.89 10.14 10.13 11.80
Al 5.96 6.05 5.76 5.77 4.16
Fe 0.08 0. 08 0.09 0 . 1 2 0. 05
Mg 0.08 0 . 0 0 0. 00 0. 00 0 . 0 0
Ca 1 .99 2 . 0 2 1.87 1.83 0.17
Na 1.75 1.80 1 . 8 8 1.91 1.84
K 0. 22 0. 22 0.28 0.31 1.98
20.03 2 0. 06 20.05 20.07 2 0 . 0 0
Ab 44. 1 44.7 46.7 47.1 46.2
An 50. 2 49.9 46. 3 45. 2 4. 3
Or 5. 7 5.4 7.0 7.7 49. 5
S H O S H O N I T I C  B A S A L T S
7843 7843 7843 8070
G 2 G 3 G 4 P 1
C C C C
65. 16 64.33 55.71 51.61
19. 74 20. 04 27. 01 30.01
0.46 0.33 0.53 0 . 6 8
n .d • n .d • n .d • n.d •
1 . 1 1 1.24 9,37 12. 57
5.78 5. 03 5.51 3. 98
7.81 8. 52 1.37 0. 56
1 0 0. 06 99.49 99.50 99.41
11.75 11.69 10.13 9. 46
4.20 4. 29 5.79 6. 48
0.06 0,05 0.08 0 . 1 0
0 . 0 0 0. 00 0 . 0 0 0. 00
0. 21 0.24 1.82 2.46
2 . 0 2 1.77 1 .94 1.41
1.79 1.96 0. 31 0.13
20.03 2 0 . 0 0 20. 07 20.04
50 .1 4 4 .4 4 7 .5 35 . 2
5 . 3 6 . 1 44 . 7 6 1 .5




GRAIN P 1 P 1
SPOT M R
SiOo 51.01 49.61
A12°3 30.54 32. 38FeO 0.65 0.57
MgO n *d. n .d •
CaO 13.13 14.92
Na 0 3. 55 2. 61
K2° 0. 74 0. 46
99.62 1 00. 55
Si 9.35 9.03
Al 6 . 60 6.95
Fe 0.10 0. 08
Mg 0. 00 0. 00
Ca 2.57 2.91
Na 1.26 0. 92
K 0.17 0. 10
20.05 20.99
Ab 31.4 23.4
An 64. 3 73.9
Or 4 . 3 2. 7
FELDSPARS
8070 8070 8070
P 2 P 2 G 1
C R C
50. 31 51.76 54. 72
30. 91 30. 10 26. 22
0. 62 0.62 0. 86
n .d • n .d • 0. 48
13. 54 1 2. 66 7.48
3. 55 3. 92 6. 55
0. 66 0.93 0. 83
99. 59 99.99 99.84
9. 24 9.45 10. 35
6.69 6.48 5.57
0.09 0.09 0. 13
0.00 0.00 0.12
2. 66 2.47 1.44
1.26 1.38 2. 28
0. 15 0. 21 0.19
20.09 20.08 20. 08
31.0 34. 0 58.3
65. 3 60.7 36.8
3. 7 5. 3 4.9
SHOSHONITIC BASALTS
8070 8070 8070 8596
G 2 G 3 G 4 P 1
C C C C
55. 31 53. 58 65. 57 53. 21
27.63 28. 88 19. 71 28. 89
0 . 6 6 0. 69 0.59 0 . 6 6
0.43 0.42 0.13 0.45
9.47 10. 74 0.98 11.59
5.66 5. 20 5. 91 4.48
0.89 0. 37 7. 63 1.03
100.05 99. 88 100.52 1 00.31
1 0 . 0 0 9.73 11.76 9.66
5.89 6.18 4. 17 6. 19
0 . 1 0 0 . 1 0 0.08 0. 1 0
0 . 1 1 0. 1 1 0.03 0 . 1 2
1.83 2.09 0. 18 2. 25
1.98 1.83 2.05 1 .57
0. 20 0.08 1.74 0. 23
2 0 . 1 1 2 0 . 1 2 2 0 . 0 1 2 0 . 1 2
49.3 45. 7 51.5 38. 7
45.6 52. 2 4.7 55.4
5.1 2 . 1 43. 8 5.9
APPENDIX D I(CONTINUED)
SAMPLE 8596 8596
GRAIN P 1 P 1
SPOT M M
SiO 52,78 51.93
Ai 0 2 3 29. 28 30. 79FeO 0. 58 0. 72
MgO 0. 27 0. 22
CaO 12.03 13.36
Ha O 4.15 3.60
k2o 0. 91 0.37
1 0 0. 00 100.99
Si 9.61 9.37
Al 6 . 28 6.55
Fe 0.08 0. 1 0
Mg 0.07 0.05
Ca 2. 34 2.58
Na 1.46 1.26
K 0. 21 0. 0
2 0. 05 20.99
Ab 36. 4 32. 1
An 58. 3 65. 8
Or 5. 3 2. 2
FELDSPARS
8596 8596 8596
P 1 P 2 P 2
R C R
51.29 53.42 53. 18
30. 35 28.69 28. 70
0. 72 0. 70 0.69
0. 37 0. 39 0.42
12. 92 11.55 11.47
3.68 4.26 4. 51
0. 78 1 . 0 1 0.90
1 0 0 . 1 1 1 0 0 . 0 2 99.87
9.36 9. 71 9.69
6 . 53 6.15 6.17
0. 1 1 0 . 1 0 0 . 1 0
0 . 1 0 0 . 1 0 0 . 1 1
2.52 2. 25 2.24
1.30 1.50 1.59
0. 18 0. 23 0. 20
2 0. 1 0 20. 04 2 0. 0
32. 5 37. 7 39.4
63.0 56.4 55.4
4. 5 5.9 5. 2
SHOSHONITIC BASALTS
8596 8596 8596 8596
G 1 G 2 G 3 G 4
C C C C
63,67 63. 85 54.99 55.38
20.08 19.85 27.97 27.26
0. 23 0. 55 0. 76 0.81
0. 27 n.d. 0. 38 0. 31
0.91 0 . 6 8 9.97 9.53
5.45 4.11 5.66 5.59
8.84 10. 50 0.57 0. 67
99.45 99. 27 100.30 99.55
11.64 11.73 9.93 1 0 . 06
4.33 4. 24 5.95 5.84
0.03 0.08 0 . 1 1 0. 1 2
0.07 0 . 0 0 0 . 1 0 0.08
0.17 0.13 1.93 1.85
1.93 1.46 1.98 1.96
1.94 2. 46 0. 13 0.15
2 0 . 1 1 2 0. 1 0 20.13 2 0. 06
47.6 36. 1 49.0 49. 5
4.4 3.3 47.7 46. 6
APPENDIX D (CONTINUED)
SAMPLE 8059 8059
GRAIN P 1 P 2
SPOT C C
SiO 53. 39 53. 53
Al2° 3 28. 48 28. 22
FeO 0. 87 0. 64
MgO 0. 43 0. 32
CaO 1 1 . 0 2 11.07
Na 0 4. 87 4. 57
k 2° 0. 84 0. 87
99. 90 99.22
Si 9. 73 9. 79
A1 6 . 1 2 6.09
Fe 0. 13 0. 09
Mg 0 . 11 0. 08
Ca 2.15 2. 17
Na 1.72 1.62
K 0. 19 0. 20
2 0. 15 20.04
Ab 42. 3 40.6
An 52.9 54. 3
Or 4.8 5. 1
FELDSPARS
8059 8059 8059
P 2 P 3 P 3
R C M
55. 22 54. 31 54. 18
27. 40 28. 34 28. 41
0. 79 0. 73 0. 79
0. 41 0. 35 0. 28
1 0 . 1 0 10. 76 10. 93
5. 54 4. 84 4. 87
0. 64 1 . 0 2 0. 88
1 0 0 . 1 0 100.35 100. 34
9. 99 9. 83 9. 81
5.85 6.05 6. 06
0. 1 2 0. 11 0. 1 2
0 . 1 1 0. 09 0. 07
1.95 2.08 2. 1 2
1.94 1.69 1.71
0. 14 0. 23 0. 20
2 0. 1 0 20.08 20. 09
48. 0 42. 2 42. 4
48.4 51.9 52. 6
3. 6 5.9 5.0
SHOSHONITIC BASALTIC ANDESITES
8059 8059 8059 PC 01 7 PC 01 7
P 3 G 1 G 2 P 1 P 1
R C C C R
54. 72 58. 34 57. 15 53. 76 53. 31
27. 82 25. 06 26. 13 28.43 28. 61
0. 77 0.57 0. 95 0. 76 0. 71
0. 28 0. 29 0.69 n.d . n .d •
10. 29 6. 87 7. 98 11.06 1 1.28
5. 21 7. 12 6. 42 4.66 4. 84
0. 84 0.96 0 . 6 8 0. 74 0. 78
99. 93 99. 21 1 0 0. 00 99.41 99. 53
9. 93 10. 51 10. 30 9.81 9. 74
5.95 5.35 5.55 6 . 1 2 6.16
0. 1 1 0.08 0.14 0. 1 1 0. 1 0
0. 07 0. 07 0. 18 0 . 0 0 0 . 0 0
2. 00 1.33 1.54 2. 16 2. 20
1.83 2. 49 2. 24 1.65 1.71
0. 19 0. 22 0.15 0. 17 0. 18
20.08 2 0 . 1 0 2 0 . 1 0 2 0. 02 20. 09
45.5 61.7 56. 9 41.4 41.8
49. 7 32.9 39. 1 54. 3 53. 8
4.8 5.5 4. 0 4.3 4.4
-354-
APPENDIX D i(CONTINUED)
SAMPLE PC 01 7 PC 01 7
GRAIN P 2 P 2
SPOT C M
SiO 51.92 53.12
A1 O o ^ 29. 79 28. 86
FeO 0. 75 0.84
MgO n .d. n .d •
CaO 1 2 . 53 11.65
Na2° 4.09 4.42
k 25 0. 61 0. 71
99. 69 99.60
Si 9.49 9.70
A1 6.42 6. 21
Fe 0 . 1 1 0 . 1 2
Mg 0 . 0 0 0 . 0 0
Ca 2. 45 2. 28
Na 1.45 1.56
K 0. 14 0. 16
2 0. 06 20. 03
Ab 35.8 39. 0
An 60. 7 56.8
Or 3.5 4. 2
FELDSPARS
PC 01 7 PC 01 7 PC 01 7
P 2 G 1 G 2
R C C
53.18 65. 38 65. 06
29. 09 19. 76 1 9. 68
0. 72 0. 20 0. 26
n .d. n *d • n .d •
11.57 1 . 1 2 1 . 0 0
4.60 5.40 5.11
0. 74 8.07 8 . 6 8
99.90 99. 93 99.79
9.68 11.79 11.78
6. 24 4. 20 4. 20
0 . 1 1 0. 03 0.03
0 . 0 0 0. 00 0. 00
2. 25 0. 21 0. 19
1.62 1 . 8 8 1.79
0. 17 1.85 2 . 0 0
20. 07 19. 96 19. 99
40. 1 47. 7 44. 9
55. 7 5.5 4.9
4. 2 46.8 50. 2
SHOSHONITIC BASALTIC ANDESITES
PC 01 7 PC 01 7 PC 01 7 PC 01 7 PC01 7
G 3 G 4 G 5 G 6 G 7
C C C C C
65.12 64.83 53. 38 65.13 64.75
19.88 19.88 28. 58 19. 31 19. 74
0. 26 0. 21 0.83 0. 31 0. 21
n .d • n .d • 0.33 n.d. n .d.
1.05 1.23 11.03 1.03 1 . 2 0
5.00 5.35 4.94 4. 72 5.43
8.89 8.30 0.52 8.98 8. 06
1 0 0. 20 99.80 99.61 99.48 99.39
11.75 1 1 .73 9.73 11.83 11.75
4.23 4. 24 6.14 4.13 4. 22
0.03 0. 03 0. 1 2 0.04 0. 03
0. 00 0. 00 0. 09 0. 00 0 . 0 0
0. 20 0. 23 2. 15 0. 20 0.23
1.75 1.87 1.74 1 .66 1.91
2.04 1.91 0 . 1 2 2. 08 1 . 8 6
2 0 . 0 0 2 0. 01 2 0. 09 19. 94 2 0. 00
43. 7 46. 6 43. 4 42. 2 47.6
5. 1 5.9 53.6 5.0 5. 8
51.2 47. 5 3.0 52. 8 46.5
-355-
APPENDIX D (CONTINUED) FELDSPARS
SAMPLE 8064 8064 8064 8062 8062
GRAIN P 1 P 1 P 1 P 1 P 1
SPOT C M R C M
SiO 49. 81 50. 18 51.24 55.61 54. 81
Ai °2 3 31.00 31.02 30. 06 27. 80 26.94FeO 0. 93 0.87 0.87 0. 58 0. 73
MgO 0. 32 0. 21 0.56 0. 36 0.98
CaO 13. 57 13.92 12. 29 9. 22 9. 73
Na 0 3.19 3.17 3. 79 5. 20 4. 80
K2° 0. 50 0.47 0.64 0. 93 1.07
99. 32 99. 84 99. 45 99. 70 99.06
Si 9.18 9. 20 9.40 1 0 . 05 1 0. 1 1
Al 6.73 6.70 6. 50 5.93 5.80
Fe 0.14 0. 13 0.13 0. 08 0 . 1 1
Mg 0 . 08 0.05 0. 15 0.09 0. 26
Ca 2. 68 2.73 2. 41 1.78 1.90
Na 1. 14 1 . 1 2 1.34 1.82 1.70
K 0. 1 1 0 . 1 1 0. 15 0. 21 0.24
2 0. 06 20. 04 2 0. 08 19. 96 2 0. 02
Ab 29.0 28.4 34.4 47.7 44. 1
An 6 8. 0 6 8. 8 61.8 46.7 49.4
Or 3.0 2 . 8 3. 8 5.6 6.5
SHOSHONITIC BASALTIC ANDESITES
8062 8062 8062 8062 8062
P 1 P 1 P 1 P 2 P 2
R C R C R
53. 12 53. 74 53. 38 52. 81 53.47
28.66 28. 29 28. 39 29. 19 28. 32
0. 95 0. 84 0. 82 0. 71 0.58
0.44 0. 38 0.45 0.45 0.48
11.29 1 1 . 0 0 11.16 11.82 1 1.42
4. 58 4. 75 4. 77 4. 30 4.56
0.80 0.90 0. 89 0. 74 0. 86
99.84 99.90 99. 86 1 0 0. 02 99.69
9. 69 9.78 9. 73 9.61 9. 75
6.16 6 . 07 6 . 1 0 6 . 26 6.09
0.14 0 . 1 2 0. 1 2 0 . 1 0 0. 08
0. 1 2 0 . 1 0 0 . 1 2 0 . 1 2 0. 13
2. 1 2 2. 14 2. 18 2.30 2. 23
1.62 1.67 1 . 6 8 1.51 1.61
0. 18 0. 20 0. 20 0. 1 7 0. 20
2 0. 1 1 2 0. 08 20. 13 20. 07 20.09
40.4 41.6 41.4 38.0 39. 9
55.0 53. 2 53.5 57. 7 55. 2
4.6 5.2 5.1 4.3 4. 9
APPENDIX D (CONTINUED) FELDSPARS
SAMPLE 8062 8605 8605 8605 8605
GRAIN P 2 P 1 P 1 P 1 P 2
SPOT C C M R C
SiO 54. 07 53.78 54.56 55.69 53. 15
“ 2°3FeO
28. 61 29. 08 27.59 27.00 29. 25
0.63 0. 87 0 . 8 8 0.98 0. 85
MgO n .d . n .d. n .d. n .d. n .d •
CaO 11.28 11.57 1 0 . 0 2 9. 37 11.67
Na2° 4. 49 4. 52 5.73 5.92 4.63
k 2° 0. 87 0. 88 0. 91 0.69 0.80
99.95 1 00. 70 99.69 99.65 100.35
Si 9. 81 9. 72 9.94 1 0 . 1 1 9.65
A1 6 . 1 2 6.19 5. 93 5. 78 6. 26
Fe 0.09 0. 13 0. 13 0. 14 0. 1 2
Mg 0 . 00 0. 00 0 . 0 0 0 . 0 0 0. 00
Ca 2. 19 2. 24 1.95 1.82 2. 27
Na 1.58 1.58 2. 02 2.08 1.63
K 0. 20 0. 20 0. 21 0. 16 0. 18
19. 99 2 0. 06 2 0. 18 20. 09 2 0 . 1 1
Ab 39. 7 39. 3 48. 3 51.3 39.9
An 55. 2 55.6 46. 7 44. 8 55.6
Or 5. 1 5. 1 5.0 3.9 4.5
SHOSHONITIC BASALTIC ANDESITES
8605 8605 8605 8605 8605
P 2 G 1 G 2 G 3 G 4
R C C C C
56.37 63. 79 65.37 58.43 55.38
27.24 18. 57 1 9. 31 25. 39 27.32
1.03 0. 76 0. 31 0. 93 0.67
n .d • n .d • n .d. n .d. n .d •
9.63 1.36 0.57 7.30 9.43
5.72 2. 17 4.85 6. 50 5. 52
0.90 12.80 9.48 1.08 1.24
100.89 99.45 99.89 99. 63 99.56
1 0 . 1 2 11.81 11.85 10. 54 10. 07
5.76 4.05 4.12 5. 40 5.86
0. 15 0 . 1 1 0.04 0.14 0. 1 0
0. 00 0 . 0 0 0 . 0 0 0. 00 0 . 0 0
1.85 0. 27 0. 1 1 1.41 1.83
1.99 0. 77 1.70 2. 27 1.94
0. 20 3.02 2. 19 0. 24 0 . 28
20. 07 20. 03 2 0. 01 2 0. 00 2 0. 08
49. 2 19. 2 42. 5 57. 8 47. 8
45. 7 6 . 6 2. 8 35. 9 45. 1
5. 1 74. 2 54. 7 6 . 3 7.1
APPENDIX D (CONTINUED) FELDSPARS
SAMPLE 8605 8605 PC 295 PC 295 PC 295
GRAIN G 5 G 6 P 1 P 1 P 2
SPOT C C C R C
Si 0^ 55. 94 64. 78 53. 89 53.45 51.74
a i 2o 3 27. 37 19. 59 28.82 29. 19 30. 20
FeO 0. 74 0. 18 0. 36 0. 30 0. 44
MgO n .d • n ,d • n .d. n .d . n .d .
CaO 9. 49 0. 18 1 0. 98 11.16 12.61
Na 0 5. 68 3. 61 4.67 4. 66 4. 07
k 2° 0. 99 10.92 0. 99 0. 94 0.75
1 00. 21 99. 26 99. 71 99.70 99. 81
Si 1 0 . 1 0 11.83 9. 80 9. 72 9. 45
Al 5.82 4. 21 6. 18 6. 26 6. 50
Fe 0 . 11 0. 02 0. 05 0.04 0.06
Mg 0 . 00 0. 00 0 . 0 0 0 . 0 0 0 . 0 0
Ca 1.83 0.03 2. 14 2.17 2.46
Na 1.98 1.27 1.64 1.64 1.44
K 0. 22 2. 54 0. 23 0. 21 0.17
20.06 19. 90 20.04 20.04 20.08
Ab 49. 1 33. 1 41.0 40. 7 35. 3
An 45. 3 0. 9 53. 3 53.9 60. 4
Or 5.6 6 6. 0 5. 7 5.4 4. 3
SHOSHONITIC BASALTIC ANDESITES
PC 295 PC 295 PC 295 PC 295 PC 295
P 2 P 3 G 1 G 2 G 3
M C C C C
52.01 54. 19 60. 41 57.08 65. 21
30. 31 28.81 24. 53 27. 00 1 9. 97
0. 43 0. 47 0.69 n.d • 0. 22
n .d . n .d . n .d • n .d • n .d.
1 2 . 6 6 11.09 6. 25 9.07 0. 98
3. 87 4. 81 7.04 5.69 5. 01
0. 70 0.94 1.18 1.46 8. 83
99. 98 1 00.31 1 0 0. 1 0 100.30 1 0 0 . 22
9.47 9.80 10. 79 10. 25 11.75
6.50 6.14 5. 17 5. 72 4. 24
0.06 0.07 0. 1 0 0 . 0 0 0. 03
0. 00 0 . 0 0 0. 00 0 . 0 0 0. 00
2. 47 2.15 1.19 1.74 0.18
1.36 1 . 6 8 2.44 1.98 1.75
0.16 0. 21 0. 26 0.33 2.03
2 0 . 0 2 20.05 19. 95 2 0. 02 19. 98
34. 2 41.6 30. 6 43.0 44.1
61.8 53.0 62. 5 48. 8 4.8
4. 1 5.4 6.9 8. 2 51.1
APPENDIX D (CONTINUED) FELDSPARS
SAMPLE FC338 PC338 PC 33 8
GRAIN P 1 P 2 G 1
SPOT C C C
sio 55.89 56. 39 55.97
A1 ° 26. 93 26. 83 26. 92
FeO 0.97 0. 91 0.87
MgO n .d. n .d. n .d.
CaO 9.42 9. 33 9. 73
Na 0O 5.92 5.47 5. 28&
K2° 0.69 1 . 0 0 1.06
99.82 99. 93 99.83
Si 1 0 . 13 1 0 . 20 10. 14
Al 5.75 5.72 5.75
Fe 0.14 0.13 0.13
Mg 0 . 0 0 0 . 0 0 0. 00
Ca 1.83 1.80 1.89
Na 2.08 1.91 1.85
K 0.16 0. 23 0. 24
20.09 1 9. 99 2 0. 00
Ab 51.1 49.5 46. 5
An 45.0 45. 7 47.4
Or 3.9 5.8 6. 1
SHOSHONITIC ANDESITE
PC 338 PC338 PC338
G 2 G 3 G 4
C C C
57.01 64. 37 65. 57
26. 67 2 0. 16 19. 72
0. 84 0. 63 0. 77
n .d. n .d. n .d .
8. 27 1 . 1 1 1.16
6. 53 5.71 5.77
0.97 8. 03 7. 79
1 00.29 1 0 0 . 0 1 1 00. 78
1 0 . 26 11.65 11.75
5.66 4.30 4. 17
0 . 1 2 0. 09 0. 1 1
0. 00 0. 00 0. 00
1.59 0. 21 0. 22
2 . 28 2. 00 2. 00
0. 22 1.85 1.78
2 0. 13 2 0. 1 0 20. 03
55.6 49. 2 50.0
38. 9 5. 3 5. 6
5.5 45. 5 44.4
APPENDIX D (CONTINUED) FELDSPARS
SAMPLE PC 1 68 PC 1 68 PC 168 PC 168 PCI 68
GRAIN P 1 P 1 P 1 P 1 G 1
SPOT C M R C C
SiO 51.21 48.87 50. 74 56.19 64.74
Al 0 2 3 30.12 31.57 30.21 28.69 20.64FeO 0.95 0.89 0.77 0.91 0.29
MgO 0.32 0.19 0.27 0.29 n .d •
CaO 13.11 14.92 13.38 6.06 1.40
Na 0 2 3.67 2.70 3.45 6 . 37 5.88
K 0 0.50 0.30 0.62 1.23 7.52
2 99.88 99.44 99.44 99.74 100.47
Si 9. 37 9.02 9. 33 1 0 . 1 1 11.62
Al 6.50 6.87 6.55 6.09 4.37
Fe 0.14 0 . 1 3 0 . 1 1 0.13 0.04
Mg 0.08 0.05 0.07 0.07 0 . 0 0
Ca 2.57 2.95 2.63 1.16 0 . 26
Na 1 . 30 0.96 1.23 2 . 2 2 2.04
K 0 . 1 1 0.07 0.14 0.28 1.72
20.07 20.05 20.06 20.06 20.05
Ab 32.6 24. 2 30.7 60.5 50.7
An 64.5 74.0 65.7 31.8 61.7




























































































SAMPLE PC169 PC169 PC 169 PC 169
GRAIN P 1 G 1 G 2 G 3
SPOT C C C C
Si02
A1 2°3
50.49 64.77 53.97 65.42
30.95 19.49 29. 33 19.73
FeO 0.91 0.58 0.92 0.27
MgO n.d. n .d. n.d. n.d.
CaO 13.65 0.84 9.54 0.84
Na 0 3.42 4.75 5.51 5.35
K2° 0.58







Si 9.24 11.77 9.78 11.79
Al 6 . 6 8 4.17 6.27 4.19
Fe 0.13 0.08 0. 1 3 0.04
Mg 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
Ca 2.67 0.16 1 .85 0.16




2 0 . 0 2
0.14
2 0 . 1 0
1 .97 
2 0 . 0 2
Ab 30.1 41 . 6 49. 2 46.7
An 66.5 4. 1 47. 2 4.1

























PC169 PC162 PC 162 PC162
G 5 G 1 P 1 P 1
C C C R
51.34 65.32 54.11 53.16
30.09 19.77 29. 36 29.39
0.93 0.29 0.70 0.77
n .d • 0.09 0.15 0 . 2 2
12.92 0.90 11.29 11.38
3.93 8.43 4.91 5.13
0.61 5.51 0.47 0.37
99.82 100.31 100.99 100.42
9.40 11.70 9.72 9.62
6.50 4.17 6 . 2 2 6 . 27
0.14 0.04 0 . 1 0 0 . 1 1
0 . 0 0 0 . 0 2 0.04 0.05
2.53 0.17 2.17 2 . 2 0
1.39 2.92 1.71 1.80
0.14 1.25 0 . 1 0 0.08
2 0 . 1 0 20.27 20.06 20. 1 3
34.3 67.2 42.9 44.0
62.2 4.0 54.4 53.9
3.5 28.8 2.7 2 . 1
-361
APPENDIX D (CONTINUED) '
SAMPLE PC272 PC272 PC268
GRAIN P 1 P 2 P 1
SPOT C C C
SiO9 56.25 64. 32 54.73
A1 0 2 3 27.64 20.04 27.93FeO 0.85 0. 33 0.74
MgO 0.18 0.24 0.15
CaO 9. 33 1.29 1 0 . 1 0
Na 0 2 5.85 5.13 5.16
k2° 0.54 8.61 0.77
100.64 99.96 99.63
Si 10.09 11.65 9.94
Al 5.84 4. 28 5.99
Fe 0 . 12 0.05 0. 11
Mg 0.04 0.06 0.04
Ca 1.79 0.25 1.96
Na 2.03 1 .80 1.81
K 0 . 1 2 1.99 0.17
20.03 20.08 2 0 . 0 2
Ab 51.5 44.6 45.9
An 45.4 6. 2 49.6
























PC268 PC 268 PC268 PC1 31 PC1 31 PCI 31
G 1 G 2 G 3 P 1 P 2 P 3
C C C C C C
64.47 64. 30 64.47 52.48 53.85 53.26
19.1 0 19.52 19.68 29.03 28.38 28. 77
0.38 0. 30 0.23 0.87 0.83 0.77
0. 1 2 n .d. 0.17 0.41 0.35 n .d.
0.28 0.67 0.83 12.17 1 1 . 1 0 11.80
4.01 4.95 5.57 4. 20 4.54 4.44
1 1 . 1 0 9.32 8.70 0.69 0.91 0.83
99.46 99.17 99.65 99.85 99.96 99.87
11.82 11.76 11.72 9. 58 9. 79 9.71
4.13 4.21 4. 21 6.25 6.08 6.18
0.05 0.04 0.03 0. 1 3 0 . 1 2 0 . 1 1
0.03 0 . 0 0 0.04 0. 11 0.09 0 . 0 0
0.05 0.15 0.16 2.38 2.16 2.30
1.42 1.75 1.96 1.48 1.60 1.57
2.59 2.17 2 . 0 1 0.16 0 . 2 1 0.19
20.09 20.08 20. 1 3 20.09 20.05 20.06
35.0 43.0 47.4 36.9 40.3 38.6
1.3 3.7 3.9 59.1 54.4 56.7
63.7 53.3 48.7 4.0 5.3 4.7
A P P E N D I X  D (CONTINUED)
SAMPLE PC276 PC276
GRAIN P 1 P 2
SPOT C C
sio 57.42 57.06
Ai O 2 3 26.62 27.13
FeO 0.51 0.43
MgO 0.13 0. 18
CaO 8. 26 8.62
Na2 0 6.78 6 . 60
K2° 0.48 0.44
1 0 0. 20 1 00.46
Si 10. 30 1 0 . 22
Al 5.63 5. 73
Fe 0.07 0. 06
Mg 0.03 0.04
Ca 1.58 1.65
Na 2. 36 2. 29
K 0 . 1 1 0 . 1 0
2 0. 08 20. 09
Ab 58.1 56. 6
An w VO . to 40.9
Or 2. 7 2. 5
PC276 PC276 PC276
P 2 P 3 P 3
R C C
59. 85 54.17 54.41
25. 01 29.05 28. 99
0. 34 0.64 0. 66
0. 16 0. 18 0. 16
6.64 11.15 10. 87
7.90 4.93 4.95
0.65 0 . 6 6 0.72
100.55 1 00. 78 1 00.76
1 0 . 6 6 9.75 9.79
5. 25 6. 1 7 6.15
0.05 0.09 0.09
0.04 0. 04 0. 04
1.26 2.15 2.09
2. 72 1.72 1.72
0. 14 0. 15 0 . 16
2 0 . 1 2 20. 07 20. 04
65.8 42. 8 43. 3
30.6 53.5 52.6
3.6 3.7 4. 1
F E L D S P A R S  M I L T O N  C O M P L E X
PC 276 FC264 PC 264 PC 264 PC 264 PC 264 PC264
G 1 P 1 P 2 P 3 G 1 G 2 G 3
C C C C C C C
65.15 54.57 53. 21 52.96 57.42 58.93 64.98
19.62 28. 88 29.10 28. 93 26.30 24. 96 19.54
0.60 0.57 0.61 0.65 0.49 0.67 n.d •
0.19 0 . 2 0 0 . 22 0.13 0.14 0. 22 n.d •
0.64 10.98 11.32 1 1 . 2 2 7.94 6 . 2 0 0.32
6.37 4. 91 4. 78 4.80 6.62 7.28 4.93
7.35 0.65 0.56 0.41 0.74 0. 77 0.04
99.92 100.76 99. 80 99.10 99.65 99.03 99.81
11,75 9.81 9.68 9.69 1 0. 36 10.65 11.81
4.17 6 . 1 2 6.24 6 . 24 5.59 5.31 4.18
0.09 0. 08 0.09 0. 1 0 0.07 0. 1 0 0 . 0 0
0.05 0. 05 0. 06 0.03 0.03 0. 05 0 . 0 0
0. 1 2 2. 1 1 2. 20 2. 20 1.53 1 . 2 0 0.06
2. 22 1.71 1 . 6 8 1.70 2. 31 2. 55 1.73
1.69 0.14 0.13 0.09 0. 09 0.17 0.17
20.09 2 0. 02 2 0. 08 20.05 2 0. 06 20. 03 2 0 . 1 0
55. 1 43. 1 41.9 42.6 57.6 64. 9 42.1
3.1 53. 2 54.9 55.0 38. 2 30. 6 1.5
41.0 3.7 3. 2 2.4 4.2 4.5 56.4
APPENDIX D (CONTINUED) FELDSPARS
SAMPLE PC280 PC280 PC 280 PC280 PC280
GRAIN P 1 P 1 P 1 P 2 P 2
SPOT C M R C R
SiC)9 52.19 52.81 53.04 52.54 52.43
Al 0 30.03 30.03 29.43 29.85 29.552 3 FeO 0.67 0.62 0.91 0.87 0 . 8 6
MgO 0.19 0.26 0 . 26 0. 24 0 . 2 1
CaO 1 2. 38 12.14 11.72 1 2 . 0 0 11.89
Na O 4.16 4.58 4.81 4.73 4.61
£
K ° 0.49 0.40 0.47 0.40 0.55
£ 100.13 100.83 100.64 100.63 100.60
Si 9.49 9.53 9.60 9.51 9.59
Al 6.44 6.38 6. 28 6.37 6.31
Fe 0 . 1 0 0.09 0.13 0.1 3 0.1 3
Mg 0.05 0.07 0.07 0.06 0.05
Ca 2.41 2.34 2.27 2.32 2.30
Na 1.46 1.60 1 . 6 8 1 • 66 1.61
K 0 . 1 1 0.90 0 . 1 0 0.09 0 . 1 2
20.06 2 0 . 1 0 20. 1 3 20.14 2 0 . 1 0
Ab 36.7 39.6 41.5 40.7 39.9
An 60.4 58.1 55.9 57.0 56.9
Or 2.9 2.3 2 . 6 2.3 3.2
MILTON COMPLEX
PC280 PC 280 PC280
G 1 G 2 G 3
C C C
56.52 61.31 65.51
26.70 24.10 19. 39
0.78 0.52 0. 24
0. 30 0.26 0 . 1 2
8 . 51 5.01 0.32
6.25 8.32 3.38
0.72 1 . 0 2 11.92
99.78 100.54 1 0 0 . 8 8
1 0 . 2 1 10.89 11.85
5.69 5.04 4. 1 3
0 . 1 1 0.07 0.03
0.08 0.06 0.03
1 .64 0.95 0.06
2.19 2 . 8 6 1.18
0.16 0.23 2.75
20.08 2 0 . 1 0 20.03
54.7 70.8 29.6
41.2 23.5 1 . 6
4.1 5.7 6 8 . 8
53.57 























APPENDIX D (CONTINUED) FELDSPARS
SAMPLE PC261 PC261 PC261 PC261 PC 261
GRAIN P 1 P 2 P 2 P 3 P 4
SPOT R C R C C
SiOo 57.31 53.97 53.94 54.15 54.23
A l O  9 9 25.99 28.67 28.96 28.99 28.88
FeO 0.49 0.83 0.61 0 . 6 8 0.72
MgO 0.23 n .d • 0.17 0.23 0.23
CaO 7.50 11.24 10.98 11.03 1 1 . 0 1
Na 0 7.42 4.71 4.93 5.03 4.97
£
K ° 0.46 0.52 0.59 0 . 6 6 0.73
99.40 99.94 100.18 100.77 100.77
Si 10. 37 9.79 9.76 9.75 9.77
A1 5.54 6.13 6.18 6.16 6 .1 3
Fe 0.07 0 . 1 2 0.09 0 . 1 0 0 . 1 0
Mg 0.06 0 . 0 0 0.04 0.06 0.06
Ca 1.45 2.18 2.13 2 . 1 2 0 . 8 6
Na 2.60 1.65 1 .73 1.75 1.73
K 0 . 1 0 0 . 1 2 0.13 0.15 0.16
20. 19 19.99 20.06 2 0 . 1 0 20.07
Ab 62.5 41.2 43.3 43. 1 72.5
An 34.9 55. 1 53.3 52.7 52.7
Or 2 . 6 3.0 3.4 3.8 4.2
MILTON COMPLEX
PC261 PC 261 PC 261
G 1 G 2 G 3
C C C
61.65 62.39 64.21
22.82 22. 38 19.24
1 . 1 0 0.92 0.61
0.79 0. 35 0.25
4.54 3.10 0.74
8.26 8.05 3.19
0.95 2.35 1 2 . 0 1
1 0 0 . 1 1 99.54 100.25
1 1 . 0 0 11.19 11.75
4.80 4.73 4.1 5
0.16 0.1 3 0.09
0 . 21 0.09 0.06
0.59 0.14 2.14
2 . 8 6 2.80 1.13
0 . 2 1 0.53 2.80
2 0 . 1 0 20.06 2 0 . 1 2
71.2 27.7 42.6
























APPENDIX D (CONTINUED) FELDSPARS
SAMPLE PC 283 PC 283 PC 283 PC 283 PC 283
GRAIN P 2 P 3 P 4 G 1 G 2
SPOT C C C C C
Si 0 53. 01 53. 40 52. 31 64. 42 64. 04
A1 0 2 3 29. 15 29. 24 29. 50 20. 30 2 2. 08FeO 0. 64 0. 58 0. 79 0. 31 0. 27
MgO 0. 15 0. 24 0. 13 n.d . 0. 16
CaO 1 2. 08 11. 79 1 2. 36 1.40 3. 00
Na 0 4. 83 4. 66 4. 70 5. 38 9. 06
£





1 0 0 . 1 2
7.97 
99. 78
1 . 22 
99. 46
Si 9. 63 9. 66 9. 53 1 1 . 6 6 1 1.36
Al 6 . 24 6. 24 6. 33 4. 33 4. 62
Fe 0. 09 0. 08 0. 1 2 0. 04 0. 04
Mg 0. 04 0. 06 0. 03 0. 00 0. 04
Ca 2. 35 2. 28 2. 41 0. 27 0. 57
Na 1. 70 1.63 1 . 66 1 . 8 8 3. 11
K 0. 06 
2 0. 1 1








Ab 41.3 40. 4 40. 0 47. 2 78. 6
An 57. 1 56. 5 58. 1 6. 8 14. 4











60. 06 54. 07 53. 98
23. 89 28. 98 28. 63
0.37 0.71 0.58
0.15 0.22 0.24
5. 80 1 0.72 1 0.25
8.07 5. 37 5. 36
°. 59 0 .72 0 .46
1 0 0.66 99. 16 99. 50
1 0.81 9. 75 9. 87
5. 07 6.16 6.04
0.05 0. 1 0 0.08
0.04 0.05 0.06
1 . 1 1 2.07 2.00
2.81 1 .87 1 .87
0 .25 0 .13 0 .16
2 0.14 2 0.13 2 0.1 1
67. 2 46. 0 46. 6
1 6.7 50. 7 49. 3
























APPENDIX D (CONTINUED) FELDSPARS
SAMPLE PC 253 PC 253 PC 253 PC 253
GRAIN P 4 P 1 P 2 P 2
SPOT C C C R
SiO 67.43 54. 77 54. 34 57. 74
Ai 09 ^ 20. 34 28. 88 29. 01 28. 79
FeO 0. 51 0.45 0. 39 0. 51
MgO n .d • 0. 23 0. 24 0. 24
CaO 1.37 10. 51 1 0. 80 10. 46
Na O 5. 33 5. 48 5. 32 5. 70
K 0 8. 54 0. 42 0. 41 0 . 33
2
1 0 0. 82 1 00. 74 1 00. 51 1 00.77
Si 11.64 9. 83 9. 78 9. 83
Al 4. 31 6. 1 1 6. 16 6. 1 0
Fe 0. 07 0. 06 0. 05 0. 07
Mg 0 . 00 0. 06 0. 06 0. 06
Ca 0 . 26 2. 02 2. 08 2. 01
Na 1.85 1.90 1.85 1.98
K 1 .95 0. 09 0.09 0. 07
2 0. 08 20. 07 20. 07 2 0. 1 2
Ab 45. 5 47. 4 46. 0 48. 7
An 6 . 5 50. 2 51.6 49. 4
Or 48. 0 2. 4 2. 3 1. 9
MILTON COMPLEX
PC 253 PC 253
P 3 G 1
C C
64. 10 64. 69
20. 44 20. 43
0. 32 0. 49
0. 1 7 n.d •
1.44 1. 19
5. 66 5. 22
8 . 27 8 . 56
1 00.40 100. 58
11.57 1 1.61
4. 35 4. 32
0. 04 0.07
0. 04 0. 00
0. 27 0. 22
1.98 1.81
1.90 1.96
2 0. 1 5 1 9. 99
47. 6 45. 4
6. 7 5. 7
45. 7 48. 9
PC 282 PC 282
P 1 P 1
C R
54. 38 54. 00
28. 87 29. 24
0. 42 0.60
0. 1 9 0. 23
1 0 . 80 10.81
5. 25 5. 25
0. 69 0. 73
1 0 0. 60 1 0 0 . 8 6
9. 80 9. 72
6. 13 6. 21
0. 06 0.09
0. 05 0. 06
2. 08 2. 08
1. 83 1.83
0. 15 0 . 16
2 0. 1 0 20. 1 5
45. 0 44. 9
51.1 51.0
3. 9 4. 1
a p p e n d i x  d  (c o n t i n u e d ) f e l d s p a r s
SAMPLE 2003 2003 2003 2003 2003 2003
GRAIN P 1 P 2 P 2 P 2 P 3 G 1
SPOT C C M R C C
SiO 53. 35 52. 61 53. 45 52. 31 53. 19 57. 52
“ 203
28. 87 29. 05 28. 76 29. 38 29. 19 26. 39
FeO 0. 60 0. 72 0. 61 0. 90 0. 89 0. 58
MgO n .d . n .d . n .d . n .d . n .d . n .d .
CaO 11.06 11.91 1 2 . 08 12.08 1 0. 02 8. 20
Na O 4.67 4.42 4. 77 4. 39 4.67 6. 73Z
K2° 0. 82 0. 79 0. 80 0. 54 1. 31
0. 80
99. 37 99. 50 1 00.47 99.60 99. 27 1 0 0 . 2 2
Si 9. 74 9.63 9. 70 9. 57 9. 73 10. 34
Al 6 . 22 6. 27 6. 15 6. 34 6. 30 5. 59
Fe 0.09 0. 1 1 0. 09 0. 13 0. 13 0. 08
Mg 0 . 00 0. 00 0. 00 0. 00 0. 00 0. 00
Ca 2. 16 2. 33 2. 34 2. 36 1.96 1.58
Na 0.65 1.57 1.67 1.55 1.65 2. 34
K 0. 19 0. 18 0. 18 0 . 1 2 0. 30 0. 18
20. 05 20. 09 2 0. 13 20. 07 20. 07 2 0. 1 1
Ab 41.2 38.4 39. 8 38. 4 42. 2 57. 1
An 54. 0 57. 1 55. 8 58. 5 50. 0 38. 4
Or 4.8 4.5 4. 4 3. 1 7. 8 4. 5
COONEMIA COMPLEX
2003 2003 2000 2000 2000
G 2 G 3 P 1 P 1 P 2
C C C R C
64. 89 56. 97 52. 42 52. 82 55. 62
1 9. 77 26. 82 29. 51 29.09 27. 76
0. 26 0. 62 0. 86 0. 76 0. 75
n .d. n ,d • n .d . n .d. n .d .
1 . 0 2 8. 57 12. 23 11. 67 9. 68
5. 04 6. 33 4. 55 4. 67 5. 78
8. 84 0. 76 0. 60 0. 68 0. 77
99. 82 100.07 100. 1 7 99. 69 1 00. 36
1 1.76 1 0 . 26 9. 55 9. 64 10. 03
4. 22 5. 69 6. 34 6. 26 5. 90
0. 03 0. 09 0. 13 0. 1 1 0. 1 1
0. 00 0. 00 0. 00 0. 00 0. 00
0. 19 1.65 2. 38 2. 28 1.87
1.77 2. 21 1.60 1.65 2. 02
2. 04 0. 17 0. 13 0. 15 0. 17
2 0. 01 20. 07 20. 05 20. 09 2 0. 1 0
44. 1 54. 7 38. 9 40. 4 49. 7
4. 9 40. 9 57. 7 55. 8 46. 0
50. 9 4. 3 3.4 3. 9 4. 4
APPENDIX D (CONTINUED) FELDSPARS
SAMPLE 2000 1995 1995 1995 1995 1995
GRAIN P 3 P 1 P 1 P 2 P 2 P 3
SPOT C C R C R C
SiO 52. 26 52. 26 53. 82 52. 38 55. 30 51.81
“ A 29. 54 30. 08 29. 13 29. 63 27. 93 30. 37
FeO 0. 95 0. 72 0. 80 0. 85 0. 60 0. 90
MgO n .d • 0. 29 0. 16 0. 31 0. 1 1 0. 13
CaO 11.89 12.54 1 1.53 1 2 . 19 9. 75 1 2. 70
Na O9 4. 45 4. 29 4.72 4. 25 5.59 4.05
k2o 0. 55 0. 50 0. 57 0. 53 0. 53 0. 31
99. 64 1 0 0. 68 1 00. 73 100. 14 99. 81 1 00. 27
Si 9. 55 9. 46 9. 71 9. 53 1 0. 00 9.42
Al 6 . 37 6. 42 6. 19 6. 35 5.96 6. 51
Fe 0. 14 0. 1 0 0. 1 2 0. 1 2 0. 09 0. 13
Mg 0 . 00 0.07 0.04 0.08 0. 03 0. 03
Ca 2. 33 2. 43 2 . 2 2 2. 37 1.89 2.47
Na 1.57 1.50 1.65 1.50 1.96 1.42
K 0. 1 2 0. 1 1 0.13 0. 1 2 0. 1 2 0.07
2 0. 08 20. 09 2 0. 06 20. 07 20. 05 20. 05
Ab 39. 1 37. 1 41.2 37. 5 49.4 35. 9
An 57. 7 60.0 55.6 59.4 47. 6 62. 3
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APPENDIX D (CONTINUED) FELDSPARS
SAMPLE 1 991 1 991 1 991 1 991 1991 1991
GRAIN P 1 P 2 P 2 P 2 P 3 P 3
SPOT R C M R C M
SiO 53. 24 52. 74 53. 80 52. 13 52. 62 52. 25
Al 0,2 3 28. 93 29. 63 29. 12 29. 82 29. 84 29. 96FeO 0. 70 0. 73 0. 72 0. 84 0. 72 0. 82
MgO n .d . n .d . n .d . n .d . n .d . n .d .
CaO 11.81 12. 30 11.99 12. 29 1 2. 30 1 2. 37
Na 2° 4. 46 4. 26 4. 41 4. 34 4. 27 4. 24
K2° 0. 68 0. 71 0. 69 0.61 0. 59 0. 64
99. 82 1 00.37 1 00. 73 100. 03 1 00.34 1 00.28
Si 9. 70 9. 57 9. 71 9. 50 9. 55 9. 50
Al 6 . 21 6. 34 6. 20 6. 41 6. 38 6. 42
Fe 0 . 1 0 0. 11 0. 1 0 0. 1 2 0. 1 0 0. 1 2
Mg 0 . 00 0. 00 0. 00 0. 00 0 . 0 0 0. 00
Ca 2. 30 2. 39 2. 31 2. 40 2. 39 2. 41
Na 1.57 1.50 1 .54 1.53 1.50 1.49
K 0. 15 0. 16 0. 15 0. 14 0. 13 0. 14
20. 03 20. 07 2 0. 01 2 0. 1 0 20. 05 2 0. 08
Ab 39. 0 37. 0 38. 4 37. 6 37. 3 36. 9
An 57. 1 59. 0 57. 5 58. 9 59. 3 59. 5
Or 3.9 4. 1 4. 0 3.5 3.4 3. 7

























































6 . 16 
0 .  11 
0 .  00
2. 1 9
1.75













4. 1 9 
0. 48
1 00 . 02
9. 55 
6. 39 
0 .  12 
0 .  00 
2. 39
1.47 






























SAMPLE 1991 1991 1991 1 991 1 991
GRAIN G 1 G 2 G 3 G 4 G 5
SPOT C C C C C
SiO„9 65.45 65. 18 58. 50 52. 58 54.67
A12°3 19. 39 20. 04 25. 51 29. 25 27. 87
FeO 0. 18 0. 21 0. 43 0. 82 0. 67
MgO n .d • n .d • n .d . n .d • 0. 41
CaO 0. 60 1.52 7. 17 12. 08 9. 98
Na 0 5. 29 6. 84 6. 96 4. 57 5. 59
K2° 9. 03 5.69 1.09 0.48 0. 61
99. 94 99. 62 99. 66 99. 78 99. 80
Si 11.84 11.71 10. 54 9. 60 9. 92
Al 4.13 4. 24 5. 42 6. 29 5. 96
Fe 0.02 0. 03 0. 06 0. 12 0.10
Mg 0. 00 0. 00 0. 00 0. 00 0. 11
Ca 0. 11 0. 29 1.38 2. 36 1.94
Na 1.85 2. 38 2. 43 1.61 1.96
K 2. 08 1.30 0. 25 0. 11 0. 14
20. 03 19. 95 20. 08 20. 09 20. 13
Ab 45. 7 59. 9 59. 8 39. 5 48.6
An 2. 9 7.4 34. 0 57. 7 47. 9













6 . 02 
0. 11 
0. 08 








COON EM IA COMPLEX
1 981 1 981 1 981 1 981 1 981
P 1 P 1 P 1 P 1 P 2
C M M R C
54. 07 52. 83 53. 59 51.61 53. 49
28. 19 29. 70 29. 14 30. 19 29. 29
0. 63 0. 75 0. 77 0. 68 0. 66
n.d • n .d. n .d. n .d. n .d .
10. 78 1 2. 23 11.47 13. 07 11.50
5. 24 4. 44 4. 71 4. 16 4. 77
0. 54 0. 50 0. 51 0.41 0. 45
99. 45 100.45 100. 1 9 1 00. 1 2 100. 16
9. 86 9. 57 9. 71 9.41 9. 69
6.06 6. 34 6. 22 6.49 6. 26
0. 09 0. 11 0. 11 0. 10 0. 10
0. 00 0. 00 0. 00 0. 00 0. 00
2. 10 2. 37 2. 22 2. 55 2. 23
1.85 1.56 1.65 1. 47 1. 67
0. 12 0. 11 0. 11 0. 09 0. 1 0
20. 08 20. 06 20. 02 20. 11 20. 05
45. 4 38. 5 41.4 35. 7 41.8
51.6 58. 6 55. 7 62. 0 55. 6
3. 1 2. 9 2. 9 2. 3 2. 6
-371
APPENDIX D (CONTINUED)
SAMPLE 1981 1 981 1 981 1 981 1 981
GRAIN P 2 P 2 P 2 P 3 P 4
SPOT M M R C C
SiC)O 52. 81 52. 28 56. 44 52. 31 53. 78
Ai O 29. 76 29. 25 27. 51 30. 01 28. 68
JLm <3FeO 0. 73 0.90 0.54 0. 82 0. 74
MgO n .d • n .d. n .d • n .d • 0. 24
CaO 12.47 12. 04 9. 03 12.40 10. 79
Na 0 4. 32 4.49 6. 10 4. 24 5. 27
¿L
k 2° 0.55 0. 51 0. 63 0. 40 0.42
1 00. 46 99. 47 1 00. 25 100.18 99. 92
Si 9.56 9. 58 10. 13 9. 51 9. 76
Al 6. 35 6. 32 5. 82 6. 43 6. 14
Fe 0.11 0. 13 0. 08 0. 12 0. 11
Mg 0.00 0. 00 0. 00 0. 00 0. 06
Ca 2. 41 2. 36 1.73 2.41 2. 10
Na 1.51 1.59 2. 12 1.49 1.85
K 0. 12 0. 11 0. 14 0.09 0. 09
20. 06 20. 09 20. 02 20. 05 20. 11
Ab 37. 3 39. 1 53.0 37. 3 45. 8
An 59.5 58.0 43.4 60. 3 51.8
Or 3. 1 2.9 3. 6 2. 3 2.4
FELDSPARS
1 981 1 981 1 981
P 5 P 5 G 1
C R C
51.93 52. 52 57.05
30.61 29. 68 26. 85
0. 77 0. 86 0.43
n.d . n .d • n .d.
12. 84 12. 25 8.44
4. 02 4. 54 6. 53
0. 37 0. 42 0. 50
1 00.54 100. 27 99. 80
9. 41 9. 54 1 0. 27
6. 54 6.36 5. 70
0. 11 0. 13 0. 06
0. 00 0. 00 0. 00
2.49 2. 38 1.62
1.41 1.60 2. 28
0. 08 0. 09 0. 11
20. 04 20. 10 20. 04
35.4 39. 2 56. 7
62. 5 58. 4 40. 5
2. 1 2. 4 2. 8
COONEMIA COMPLEX
1981 1981 1 979
G 2 G 3 P 1
C C C
60. 01 59.03 55. 67
24. 55 24. 76 27.45
0. 28 0. 46 0. 85
n *d • n .d • n .d •
6. 1 8 6. 45 9.55
7.67 7.63 5. 85
0. 88 0. 99 0. 55
99. 57 99. 32 99. 92
10. 77 10. 66 10. 07
5. 19 5. 27 5. 85
0. 04 0. 06 0. 12
0. 00 0. 00 0. 00
1.18 1.24 1. 85
2. 66 2. 67 2. 05
0. 20 0. 22 0. 12
20. 04 20. 1 2 20. 06
65. 7 64.4 50.9
29. 3 30. 1 45.9


































0 . 11 
0 . 0 0  
1.91 
2.01 





















































1 8. 85 

















COON EM IA COMPLEXFELDSPARS
1979 1979 1979 1979 1979 1979
G 4 G 5 G 6 G 7 G 8 G 9
C C C C C C
66. 33 65. 30 65. 39 65.41 65.09 65.63
18. 29 19.15 19. 33 19. 20 1 8. 94 19.89
0. 25 0.43 0.18 0. 19 0.27 0. 14
n .d. n .d • n .d • n *d • n .d • n .d •
0. 20 0.36 0. 46 1.34 0.16 n.d •
6. 09 6.31 6.08 5. 33 4. 99 4.43
8. 20 7.95 8. 02 8. 81 9.75 10.29
99. 36 99.50 99.46 100.28 99. 20 1 00.38
12.02 1 1.84 1 1.84 11.81 11.89 11.83
3. 90 4. 09 4. 13 4. 09 4. 08 4. 23
0. 03 0. 06 0. 02 0. 02 0. 04 0.02
0. 00 0. 00 0.00 0. 00 0.00 0. 00
0.03 0. 07 0. 08 0. 25 0.03 0. 00
2. 14 2. 22 2. 13 1.86 1.76 1.54
1.89 1.84 1.85 2. 03 2. 27 2. 36
20. 01 20. 12 20.05 20. 06 20. 07 1 9. 98
52.5 53. 7 52. 4 44. 9 43.4 39.6
1.0 1.7 2. 2 6. 2 0. 8 0.0
46. 5 44.6 45. 4 48. 9 55. 8 60. 4
APPENDIX D (CONTINUED)
SAMPLE 1 978 1 978 1 978 1 978
GRAIN P 1 P 1 P 2 P 2
SPOT C R C R
SiO2 52. 28 53. 31 53. 23 52. 50M O  2 3 30. 11 29. 40 29. 39 29. 96FeO 0. 92 0. 80 0. 88 0. 91
MgO 0. 22 0. 23 0. 24 0.18
CaO 12. 74 11.80 12. 15 1 2. 71
Na20 4. 09 4.58 4.47 4.09
K2° 0. 42 0. 50 0. 52 0.41
1 00.78 1 00.62 1 00. 88 1 00. 76
Si 9.46 9. 63 9. 61 9. 50
Al 6.42 6. 26 6. 25 6. 39
Fe 0. 13 0. 12 0. 13 0. 13
Mg 0.05 0. 06 0. 06 0.04
Ca 2.47 2. 28 2. 35 2.46
Na 1.43 1.60 1.56 1.43
K 0. 09 0. 11 0. 12 0. 09
20. 05 20. 06 20. 08 20. 04
Ab 35. 9 40. 1 38. 8 35. 9
An 61.7 57. 1 58. 3 61.7
Or 2.4 2. 9 3. 0 2.4
FELDSPARS COON EM IA COMPLEX
1 978 1978 1 978 1978 1975 1975
G 1 G 2 G 3 G 4 P 1 P 1
C C C C C R
56. 56 53. 37 52. 58 64. 47 56.34 56. 41
27. 56 29. 14 30. 09 19. 90 26. 97 27. 37
0. 58 0. 92 0. 71 0. 78 0. 52 0. 56
0. 17 0. 34 0. 22 0. 23 n.d • n .d.
9. 31 11.67 12.42 0. 74 8. 85 9.27
6. 17 4. 86 4. 44 6.01 6. 37 5. 99
0.44 0. 41 0. 1 8 7. 57 0. 75 0.67
1 00. 91 100. 71 1 00. 64 99.70 99. 80 100.27
10. 12 9.64 9. 50 11.68 10.18 10. 15
5. 80 6. 21 6. 41 4. 25 5.74 5.80
0. 08 0. 13 0. 10 0. 11 0. 07 0. 08
0.04 0. 09 0.05 0. 06 0. 00 0. 00
1.78 2. 26 2. 40 0.14 1.71 1.78
2. 13 1.70 1.55 2. 11 2. 23 2. 09
0. 10 0. 09 0.04 1.75 0. 17 0. 15
20.05 20. 12 20. 05 20. 10 20. 10 20. 05
53. 2 42.0 38. 9 52. 7 54. 2 51.8
44. 3 55. 7 60. 1 3.6 41.6 44. 3
2. 5 2. 3 1.0 43. 7 4. 2 3.8
APPENDIX D (CONTINUED) FELDSPARS
SAMPLE 1975 1975 1975 1975 1975
GRAIN P 2 P 3 P 3 G 1 G 2
SPOT C C R C C
SiO 53.52 53.70 53.03 65.17 65.01
A1 O 29.18 28.95 29.10 19.76 19.59
FeO 0.69 0.82 0.76 n .d. n.d.
MgO n.d. n.d. n.d. n.d. n.d.
CaO 11 .41 11.69 11.55 0.78 0.79
Na 0 4.78 4.82 4.87 5.30 5.13
k 2° 0.41 0.45 0.42 8.55 9.12
99.99 100.43 99.73 99.56 99.64
Si 9.71 9.72 9.66 11.80 11.80
A1 6. 24 6.18 6. 25 4.22 4.19
Fe 0.10 0.12 0. 11 0.00 0.00
Mg 0.00 0.00 0.00 0.00 0.00
Ca 2.21 2.26 2.25 0.1 5 0.15
Na 1.68 1 .69 1.72 1.86 1.80
K 0.09 0.10 0.09 1.97 2.11
20.03 20.07 20.08 20.00 20.05
Ab 42.1 41 .6 42.2 46. 7 44.3
An 55.5 55.8 55.4 3.8 3.8
Or 2.4 2.6 2.4 49.5 51.9
COONEMIA COMPLEX
1975 1975 1975 1975
G 3 G 4 G 5 G 6
C C C C
65.24 65.57 65.62 65.16
19.72 18.15 19.29 19.27
0.17 0.14 0.21 0.19
n .d. n.d. n.d. n.d.
0.90 0.41 0.59 0.50
5.91 3.73 5.64 3.55
7.88 11.12 8.65 11.39
99.82 99.12 100.00 100.06
11.78 12.02 11.85 11.86
4.19 3.92 4.10 4.13
0.02 0.02 0.03 0.02
0.00 0.00 0.00 0.00
0.17 0.08 0.11 0.09
2.06 1.32 1.97 1.25
1.81 2.60 1.99 2.64
20.03 19.96 20.05 20.99
51.0 33.1 48.4 31.4
4.3 2.0 2.8 2.4
44.7 64.9 48.8 66.2
APPENDIX D (CONTINUED) FELDSPARS
SAMPLE 1975 1 975 1975 1 972 1972
GRAIN G 7 G 8 G 9 P 1 P 1
SPOT C C C C R
SiO 56. 81 65. 87 65. 83 52. 70 52. 37
A1 ° 26. 98 19. 17 19. 34 29.87 29. 93
FeO 0. 50 0. 20 0. 24 0. 88 0. 83
MgO n *d . n .d. n .d . 0. 16 0. 27
CaO 8. 66 0. 55 0. 1 7 12.41 12. 25
Na O 6. 46 5. 60 6. 82 4. 34 4. 58zK 0 0. 53 8. 70 7. 28 0.51 0.572
99. 94 1 00. 09 99. 68 1 00.87 100. 80
Si 10. 23 11.88 11.86 9. 52 9.48
Al 5. 73 4.07 4.11 6. 36 6.39
Fe 0.07 0. 03 0.03 0. 13 0.12
Mg 0.00 0. 00 0. 00 0. 04 0.07
Ca 1.67 0. 10 0. 03 2. 40 2.37
Na 2. 25 1.95 2.38 1.52 1.60
K 0. 12 2.00 1.67 0. 11 0.13
20.07 20. 03 20. 08 20. 08 20. 16
Ab 55. 7 48. 2 58. 3 37.6 39. 1
An 41.3 2.6 0.8 59.5 57. 7
Or 3.0 49. 2 40. 9 2.9 3. 2
COONEMIA COMPLEX
1 972 1 972 1 972
P 2 G 1 G 2
C C C
53. 52 65. 35 56. 25
29.18 19.58 27.04
0.69 0. 24 0.65
n.d • 0. 16 0. 27
11.41 0.65 8.70
4.78 4. 88 6. 28
0. 41 9.57 0.48
99. 99 1 00. 43 99. 67
9. 71 11.79 10. 17
6. 24 4. 16 5.76
0.10 0. 03 0.09
0. 00 0.04 0. 07
2. 21 0. 12 1.68
1.68 1.70 2. 20
0.09 2. 20 0.11
20. 03 20. 04 20. 08
42. 1 42. 3 55.1
55. 5 3. 1 42. 2






















APPENDIX D (CONTINUED) FELDSPARS
SAMPLE PC201 PC 201 PC 201
GRAIN P 1 P 1 P 2
SPOT C R C
SiO 50.81 52.33 50.09
A12°3 30.17 29.87 31.39FeO 0.68 0.84 0.68
MgO n .d. n .d. n .d.
CaO 13.85 12.08 13.87
Na 0 3.40 4.45 3.38
k 2° 0.29 0.57 0.29
99.20 100.14 99.70
Si 9.35 9.52 9.18
A1 6.54 6.41 6.78
Fe 0.10 0.12 0.10
Mg 0.00 0.00 0.00
Ca 2.73 2.35 2.72
Na 1.21 1.57 1.20
K 0.06 0.13 0.06
19.99 20.10 20.04
Ab 30.2 38.7 30.1
An 68. 1 58.0 68.2
Or 1.7 3.3 1.7
STOCKYARD MOUNTAIN BASALT
PC 201 PC201 PC 201



































































PC201 PC201 PC 201




n .d. 0.59 1.06
n .d • n .d. n .d.
2.32 6.90 11.13
6.85 7.38 5. 21
5.04 0.69 0.49
100.08 100.60 100.34












APPENDIX D (CONTINUED) FELDSPARS
SAMPLE 7845 7845 7845
GRAIN P 1 P 2 P 3
SPOT C C C
SiO2 54. 76 52. 40 52. 08
M 2°3 28. 27 30.41 30. 07FeO 0. 75 0. 65 0.67
MgO 0. 22 0. 34 0. 27
CaO 10.41 12.48 12. 22
Na20 5.57 4. 35 4. 56
K2° 0. 34 0. 25 n.d •
1 00.32 1 00. 88 99. 87
Si 9.88 9.45 9.48
Al 6. 01 6. 47 6. 45
Fe 0. 11 0. 09 0. 10
Mg 0.05 0.09 0. 07
Ca 2. 01 2.41 2. 38
Na 1.95 1.52 1.60
K 0.07 0. 05 0.00
20.08 20. 08 20. 08
Ab 48. 3 38. 2 40. 3
An 49. 8 60. 4 59. 7
Or 1.9 1.4 0. 0
TCWRADGI DOLERITE
7845 7845
P 4 P 5
C C
64. 95 54. 40
19. 83 28. 54
0. 19 0. 87
n.d. 0. 27
0. 73 10. 95
4. 64 5. 02
9. 98 0.38 ICJ
1 00.32 100.43 SI
11.75 9. 82
4. 23 6. 07
0. 02 0. 13
0. 00 0. 07




40. 0 44. 3
3. 5 53. 4
56. 5 2. 3
APPENDIX D (CONTINUED)
SAMPLE 8057 8057
GRAIN G 1 G 2
SPOT C C
SiO y 0.08 0.87
TiO y 9.93 8.43
Ä12°3 0.74 1.02Cr y 3 0.37 0.36
FeO 84.65 84.32
MnO 0.43 0.68










G 3 P 1 P 2
C C C














8068 7843 7843 7843
P 3 P 1 P 2 G 1
C C C C
0.16 0.26 0.46 0.22
13.23 14.64 14.41 14.54
3.93 4.80 4.99 3.69
0.56 0.34 0.51 0.63
75.03 74.23 73.95 74.71
0.63 0.46 0.48 1.49
1.80 1.58 1.30 0.27
0.18 n .d. n .d. 0.13
95.52 96.31 96.10 95.68
38.45 34.83 34.07 35.04
40.45 42.90 43.31 43.20
99.39 99.82 99.53 99.21
38.5 42.8 43.1 43.0
Iu>
0001
APPENDIX D (CONTINUED) Fe-Ti OXIDES
SAMPLE 8070 8070 8596 8596
GRAIN P 1 P 2 P 1 P 2
SPOT C C C C
SiO„2 0. 11 0.41 0. 15 0.44
H O 10. 45 7. 31 8. 24 10. 71
Ai 0 2 3 3.58 3.80 1.44 2.28Cr ̂0_ 2 3 0.44 0. 37 0. 20 0. 29FeO 77.01 79. 99 82. 75 79. 39
MnO 0.81 0. 45 1.10 1.97
MgO 2.06 1.32 0. 33 0. 20
CaO 0. 08 0. 23 0. 23 0. 24
94. 54 93. 88 94. 14 95. 52
RECAL.
Fe O 2 3 44.32 48. 98 50. 88 44.45FeO 37. 15 35. 94 36. 99 39. 42
TOTAL 99. 00 98. 81 99. 26 99. 99
USP. 30. 5 22. 8 24. 4 32. 4

























2 .  20 








































APPENDIX D (CONTINUED) Fe-Ti OXIDES
SAMPLE 8062 8062 8062
GRAIN P 1 P 1 G 1
SPOT C R C
SiO0 0.19 0. 22 0.1 7
TiO 9.40 10. 34 10.50
Ai ° 3.10 3.66 3.28
Cr2°3 0.51 0.54 0.47FeO 78.00 77.42 77.94
MnO 0.58 0.87 0.55
MgO 2.80 2.88 2.81
CaO n .d. 0.16 n.d.
95.08 96.09 95.72
RECAL.
Fe2°3 46.60 45.70 45.70FeO 36.09 36.32 36.84
TOTAL 99.77 100.69 100.32
USP. 28.8 29.9 30.2
SHOSHONITIC BASALTIC ANDESITES
8062 8059 8059
G 2 P 1 G 1
C C C
0.20 0. 1 3 0. 38
10.42 8. 26 12.62
3.50 3.77 0.86
0.57 0.28 0.23
77.58 78.31 78. 74









APPENDIX D (CONTINUED) Fe-Ti OXIDES
SAMPLE PC01 7 8606 8606
GRAIN G 1 P 1 P 2
SPOT C R C
SiO 0. 15 0.28 0.41
TiO 15.73 12.91 9.41
A12°3 1.81 3.03 2.46Cr 0O 1 0.25 0.21 0.166 JFeO 76.20 77.60 78.36
MnO 0.73 0.65 2.09
MgO 0.68 1.25 0.90
CaO 0.15 0.17 0.18
95.70 96.10 93.97
RECAL.
Fe^O^ 0 ^ 35.79 40.44 46. 38
FeO 44.02 41.23 36.65
TOTAL 99.30 100.17 98.64
ÜSP. 45.7 38.7 28.9
SHOSHONITIC BASALTIC ANDESITES
8606 8606 PC 295




1 .06 0.76 1.41
































































APPENDIX D (CONTINUED) Fe-Ti OXIDES
SAMPLE PC 168 PC 168 PC1 62
GRAIN P 1 G 1 P 1
SPOT C C C
SiO 0. 26 0. 26 0. 26
H O 9.86 12. 35 4. 20
A1_0 2 3 1.05 1.68 1.26Cr 02 3 0.41 n .d. 0. 59
FeO 80. 18 78.86 85.07
MnO 0. 38 n.d • 0. 82
MgO 0. 41 0. 75 0. 24
CaO 0.37 0.44 0. 57
92. 92 94. 34 93.01
RECAL.
Fe 0 2 3 59.56 42.04 57. 58
FeO 26. 62 41.05 33. 29
TOTAL 98. 91 98. 57 98. 80
USP. 14.6 36.7 13.3
TERMEIL COMPLEX
PC272 PC 272 PC 268
P 1 P 2 P 1
C C C
0. 26 0. 24 0. 23
8.67 9.67 15.03
1.03 2.42 3. 26
0.43 0. 58 0. 82
82. 33 80.00 75. 73
0.61 0. 82 0.69
0. 23 0. 95 0. 56
0. 60 0. 11 0. 1 5
94. 16 94. 79 96.47
49.63 46.47 35.08
37. 70 38. 21 44. 18
99. 15 99.47 1 00. 00





SAMPLE PC276 PC264 PC264
GRAIN P 1 P 1 P 2
SPOT C C C
SiO2̂ 0. 25 0.29 0.16
TiO 14.11 17.96 18.14
Al 0 2 3 1.02 2.50 1.10Cr 0 2 3 0. 77 0.74 0.91FeO 76.55 73.97 74.81
MnO 1.35 0.97 1.04
MgO 0.17 0.99 0.30
CaO 0.64 0.18 0.69
94.86 97.60 97.1 5
RECAL.
Fe 0 2 3 38.51 31.00 31 .91FeO 41.91 46.09 46. 11
TOTAL 98.74 100.72 100.36
OXIDES MILTON COMPLEX
PC264 PC 280 PC 261 PC283
G 1 P 1 G 1 P 1
C C C C
0. 27 0.60 0. 24 0.26
16.94 27.91 11.23 19.24
1.23 2.62 1.29 2.78
0.69 0.75 0.76 0.90
75.08 64.19 80.76 72.39
1.37 0.86 1 .05 0.65
0.36 2.69 0.33 1.11
0.65 0.11 0.61 0.16
96.59 99.73 96. 27 97.49
33.81 11.98 45.31 r-00•r--(N
44.67 53.42 40.01 47.32
99.99 1 00.94 100.83 100.30
49.3 79.0 32.8 55.5
-386-
A P P E N D I X  D (CONTINUED) F e - T i  O X I D E S
SAMPLE PC 281 PC281 PC253
GRAIN P 1 P 2 P 1
SPOT C C C






Cr 0 2 3 FeO
0.55 n.d. 0.96
62.25 75.37 69.09
MnO 0.39 2.78 0.76
Mg 0.31 0.15 0.75
CaO 0.17 0.31 0.21
93.98 97.70 97.17
RECAL.
Fe 0o o 41.27 33.84 21.26
FeO 56.67 44.94 49.97
TOTAL 97.94 101.11 99. 31
USP. 83.8 50.5 63.7
M I L T O N  C O M P L E X
PC253 PC 28 2 PC 28 2


















A P P E N D I X  D (CONTINUED)
SAMPLE 2003 2003 2003 2003 2000
GRAIN G 1 G 2 G 3 G 4 G 1
SPOT C C C C C
SiO 0.40 0.29 0. 36 0.63 0.44
TiO2 11.56 13.56 10.96 12.90 1 2.70
Al 2.81 1.30 2.58 2.99 3.01
o O 
f O n.d. n.d. n.d. n.d. n.d.
FeÖ 79.37 77.28 79.96 77.13 75.80
MnO 0.55 0.75 0.36 1.67 1.37
MgO 0.68 0.58 0.63 0.91 1.40
CaO 0.67 0.93 0.1 3 0.13 0.13
96.04 94.69 94.98 96.36 94.85
RECAL.
Fe2°3 43. 1 7 40.21 43.88 39.86 39.89FeO 40.54 41.12 40.50 41.28 39.93
TOTAL 100.38 98.74 99.40 1 00.37 98.86
USP. 34.4 40.1 32.9 39.0 38.2
RHOM.
-Ti O X I D E S
1995 1991 1991















C O O N E M I A  C O M P L E X
1991 1991 1991
G 3 G 4 G 5
C C C







0.07 n.d • 0.11
98.90 98.02 94.73
12.97 16.03 40.55





A P P E N D I X  D ( CONTINUED)
SAMPLE 1991 1991



































-Ti O X I D E S
1981 1979 1978
G 4 G 1 P 1
C C C
0.18 0.77 0.25
10. 1 2 14.75 9.85
1.14 1.31 3.84








98.78 98. 70 98.81
30.0 45.3 29.7
C O O N E M I A  C O M P L E X
1975 1972 1972
P 1 G 1 G 2
C C C
0.69 0.25 0. 26
14.48 1 3.40 15.20
2.52 3 32 1.97







44.18 39.96 43. 30
100.88 98.97 99.11
43.4 39.7 44.7
A P P E N D I X  D (CONTINUED)
STOCKYARD MOUNTAIN BASALT
SAMPLE PC201 PC201 PC201 PC 201
GRAIN P 1 P 2 P 3 P 4
SPOT C C C C
SiO0 0. 1 5 0.67 0.49 0.52
TiO 10.39 8.99 9.71 8.53
Ai <3 2.54 2.57 2.48 1 .96
O O 
f O 0.13 0.19 0.17 0.16
FeO 78.77 80.70 79.99 81.33
MnO 0.74 0.46 0.43 1.51
MgO 1.28 0.77 0.75 0.96
CaO 0.24 0.21 0.24 0.15
94.24 94.56 94.26 95.80
RECAL.
Fe 0 45.35 46.78 45.64 49.42
¿0 JFeO 37.98 38.63 38.94 36.88
TOTAL 98.80 99.27 98.85 100.08
USP. 30.6 28.5 30.0 26.3
Fe- T i  OXIDES
TCWRADGI DOLERITE
PC 201 7845 7845
















A P P E N D I X  D (CONTINUED) OLIVINE
TOWRADGI DOLERITE
SAMPLE 7845 7845 



















1 . 0 0  
0.32 
1 .65 







A P P E N D I X  E T O T A L - R O C K  C H E M I S T R Y
ABBREVIATIONS USED
GS = Geological Survey of New South Wales*
DR = Australian Museum.
The locations for all other samples are given in Appendix B
- 3 9 4 -
A P P E N D I X  E ( C O N TINUED) T O T A L - R O C K  C H E M I S T R Y
ANALYST OR SOURCE OF DATA
Sample Analysis Major elements REE, Sc,Co,Hf Other trace
8070 1 P. Carr P. Carr
8593 2 P. Carr
8071 3 P. Carr J. Fardy
GS5726 4 Jaquet et al. (1905) E. Ambler
GS5376 5 E. Ambler E. Ambler
8595 6 B. Jones J. Fardy B. Jones
GS5428 7 Harper (1915) E. Ambler
8058 8 E. Ambler E. Ambler
8057 9 E. Ambler E. Ambler
8594 10 P. Carr P. Carr
8072 11 P. Carr P. Carr
GS6771 12 Card (1907) E. Ambler
8073 1 3 P. Carr J. Fardy P. Carr
8596 1 4 P. Carr P. Carr
15 Browne & White (1928)
8097 16 P. Carr
DR4204 1 7 E. Ambler E. Ambler
7843 18 P. Carr J. Fardy P. Carr
19 Wilshire & Hobbs (1962)
20 Harper (1915)
GS6772 21 Card (1907)
8067 22 E* Ambler E. Ambler
8098 23 P. Carr
8099 24 P. Carr P. Carr
GS5646 25 E. Ambler E. Ambler
GS5649 26 Jaquet et al. (1905)
8068 27 E. Ambler J. Fardy E. Ambler
PCI 74 28 P. Carr J. Fardy P. Carr
PC1 75 29 P. Carr P. Carr
GS5431 30 Jaquet et al. (1905) E. Ambler
31 Harper (1915)
8601 32 P. Carr P. Carr
- 3 9 5 -
A P P E N D I X  E (CONT I N U E D ) T O T A L - R O C K  C H E M I S T R Y
ANALYST OR SOURCE OF DATA
Sample Analysis Major elements REE,Sc,Co,Hf Other trace
8603 33 P. Carr P. Carr
8063 34 E. Ambler E. Ambler
8059 35 E. Ambler E. Ambler
8065 36 E. Ambler E. Ambler
8602 37 P. Carr P. Carr
8062 38 E. Ambler E. Ambler
8064 39 E. Ambler E. Ambler
8600 40 P. Carr J. Fardy P. Carr
8061 41 E. Ambler E. Ambler
42 Jaquet et al. (1905)
8066 43 E. Ambler E. Ambler
8060 44 E. Ambler E. Ambler
8604 45 P. Carr P. Carr
8606 46 P. Carr
8605 47 P. Carr J. Fardy
DR4237 48 E. Ambler E. Ambler
DR5870 49 E. Ambler E. Ambler
DR4235 50 Chalmers (1941) E. Ambler
GS5468 51 Jaquet et al. (1905) E. Ambler
GS4998 52 Card & Jaquet (1903) E. Ambler
8608 53 P. Carr P. Carr
8069 54 E. Ambler E. Ambler
8607 55 P. Carr J. Fardy P. Carr
PC267 56 P. Carr
57 Harper (1915)
PC272 58 P. Carr P. Carr
59 Harper (1915)
PC131 60 P. Carr J. Fardy P. Carr
PC164 61 P. Carr P. Carr
PC 180 62 P. Carr J. Fardy P. Carr
PC 168 63 P. Carr P. Carr
PC 162 64 P. Carr J. Fardy P. Carr
- 3 9 6 -

































E ( C O N T I N U E D ) T O T A L - R O C K  C H E M I S T R Y
ANALYST OR SOURCE OF DATA
An¿ ysis Major elements REE, Sc,Co,Hf Other trace elements
65 Harper (1915)
66 Harper (1915) P. Carr
67 Harper (1915) P. Carr
68 P. Carr J* Fardy P. Carr
69 P. Carr J. Fardy P. Carr
70 P. Carr J. Fardy P. Carr
71 P* Carr J• Fardy P* Carr
72 P. Carr J. Fardy P. Carr
73 P. Carr P* Carr
74 P. Carr P. Carr
75 Harper (1915) P. Carr
76 P. Carr J. Fardy P. Carr
77 P. Carr P. Carr
78 Harper (1915) P. Carr
79 P. Carr J. Fardy P. Carr
80 P. Carr J• Fardy P. Carr
81 P. Carr J* Fardy P. Carr
82 P. Carr J. Fardy P* Carr
83 B. Jones J. Fardy B. Jones
84 P. Carr J. Fardy
85 B. Jones J• Fardy B. Jones
86 P. Carr J. Fardy P. Carr
87 P. Carr J. Fardy P. Carr
88 P. Carr P. Carr
89 P. Carr J. Fardy P. Carr
90 P. Carr P. Carr
91 P. Carr J« Fardy P. Carr
92 P* Carr P. Carr
93 P. Carr P* Carr
94 P. Carr J• Fardy P. Carr
95 P. Carr J. Fardy P. Carr
- 3 9 7 -
A P P E N D I X  E ( C O N T I N U E D )  T O T A L - R O C K  C H E M I S T R Y  S H O S H O N I T I C  B A S A L T S
Sample 8070 8593 8071 GS5726 GS5376 8595 GS5428 8058 8057
Analysis 1 2 3 4 5 6 7 8 9
SiO2 49.84 50.03 50.63 51.32 49.49 50.83 51.92 51.95 52. 24
TiC)2 0. 78 0.79 0.77 0.67 1.57 1.15 1.18 1.23 1.28
A1 0 2 3 18.96 18.94 19.05 18.82 16.62 16.36 15.58 16.31 16.83
Fe 0 2 3 3.88 4.08 4.56 4.50 5.73 6.34 5.00 5.60 5.91
FeO 4.44 3.65 3.35 2.97 4.73 4.38 4.68 4.13 3.55
MnO 0.09 0.15 0.15 0.18 0.21 0.21 0.18 0.19 0.25
MgO 2.16 3.45 3.28 3.58 3.59 4.28 4.09 4.30 4.18
CaO 8.79 8.22 7.42 6.42 6.00 8.31 7.72 7.66 6.63
Na 0 2 3.05 3.95 4.05 3.97 2.94 3.51 3.38 2.97 2.54
K,0 2.83 2.30 2.80 3.31 3.85 2.31 2.56 2.52 4.57
inOCN 0.65 0.79 0.77 0.42 0.81 1.09 0.54 0.68 0.74
LOI 3.55 3.6 3.17 3.86 4.17 1.41 2.56 2.52 2.22
SUM 99.02 99.51 100.00 100.02 99. 71 100.28 99.39 100.06 100.94
Y 18 17 40 24 45 37 32
Sr 1267 1953 1201 766 424 844 1066
Zr 110 244 170 416 208 184
U 7 4 1 2
Rb 27 1 45 97 44 198 48 1 30
Th 5.5 4 8 4 5 7
Pb 23 33 32 12 14
Gel 18 23 26 19 21 20
Zn 53 85 1 28 63 106 85 106
Cu 148 188 212 92 11 9 83
Ni 11 15 1 5 1 2 9 19 22
Cr 38 26 5 1 3 3







Yb 1 .88 2.45
Lu 0. 30 0.41
Hf 2.6 3.6
-398-
A P P E N D I X  E (CONTINUED) T O T A L - R O C K  C H E M I S T R Y  S H O S H O N I T I C  BASALTS
Sample 8594 8072 GS6771 8073
Analysis 10 11 12 13
SiO2 52.44 51 .07 51.07 52.01
TiO.2 1.31 0.80 0.90 0.82
A1 0 2 3 18.22 19.86 17.52 19.25
Fe 0 2 3 6. 26 4.78 4.10 3.65
FeO 3.70 3.93 5.40 4.03
MnO 0.22 0.12 0.1 2 0.19
MgO 3.35 3.81 2. 27 2.65
CaO 8.02 5. 21 5.44 6.00
Na 0 2 3.51 2.68 3.31 2.85
k 2o 2.39 3.21 5.53 4.35
V s 0.64 0.56 0.88 0.68
LOI 0.43 3.62 3.69 2.55
SUM 100.49 99.65 100.23 99.03
y 24 23 36 28
Sr 710 680 1 178 2275
Zr 222
u 1 3 3




Zn 85 82 81 88
Cu 458 160 106 210












8596 8097 DR4204 7843
14 15 16 17 18
54.08 51.06 51.45 51.54 52.50
1.05 0.55 1 .07 1.09 1.05
17.74 18.66 17.54 17.65 17. 25
4.51 4.15 3.90 5.87 6.92
4.03 4.91 4.60 2.70 1.60
0.18 0.09 0.15 0.17 0.14
2.61 3.55 3.88 3.41 3.55
3.93 5.64 6.10 7.64 8. 39
3.17 3.75 3.31 3.02 3.48
5.07 3.84 3.81 2.41 2. 39
0.96 0.41 0.43 0.43 0.42
2.65 3.42 3.21 3.84 2.60























- 3 9 9 -
A P P E N D I X  E ( CONTINUED) T O T A L - R O C K  C H E M I S T R Y  S H O S H O N I T I C  BASA L T S
Sample GS6772 8067
Analysis 19 20 21 22
Si°2 52.53 52.72 52.86 52.98
Ti02 1.41 1.20 1.10 1.02
A12°3 16.69 16.19 17.23 16.44
Fe o 2 3 4.21 4.80 4.10 5.35
FeO 4.04 4.14 4.59 3.64
MnO 0.20 0.07 - 0.17
MgO 3.96 4.12 3.34 4.22
CaO 8.05 8. 10 7.62 7.50
Na20 3.50 3.31 3.29 2.75
k 2° 2.41 2.45 2.75 2.52
P or 2 5 0.65 0.48 0.43 0.45
LOI 3.26 2.55 2.43 2.68























8098 8099 GS5646 GS5649 8068
23 24 25 26 27
53.76 53.85 52.19 52.48 54.22
1.05 1.09 1.06 0.74 1.10
17.09 17.39 17.52 17.32 16.69
3.72 3.89 6.98 4.30 5.66
4.00 4.46 2.68 5.04 3.24
0.12 0.15 0.15 0.31 0.19
2.85 3.30 3. 36 3.65 3.66
4.50 4.81 7.40 7.66 7.64
4.11 3.82 3.41 3.43 3.08
4.16 4.02 2.65 2.53 2.57
0.41 0.41 0.43 0.42 0.64
3.81 1.98 3.02 2.37 2.12
























A P P E N D I X  E ( C O N TINUED) T O T A L - R O C K  C H E M I S T R Y  B A S A L T I C  A N D E S I T E S
Sample PC174 PC175 GS5431 8601 8603 8063 8059
Analysis 28 29 30 31 32 33 34 35
SiO2 53.46 53.57 52.42 53.80 54.49 54.58 54.58 54.60
TiO2 1.13 1.11 1.04 0.85 1.03 1.06 0.98 0.94
A1 0 2 3 1 7.81 17.33 18.05 15.97 16.41 15.81 16.31 17.53
Fe 0 2 3 4.92 4.75 4. 30 4.40 4.81 3.80 4.60 4.95
FeO 4.39 3.96 3.60 3.69 2.90 3.76 3.06 2.13
MnO 0.19 0.12 0.22 0.07 0.1 7 0.17 0.14 0. 1 4
MgO 2.99 3.79 3.60 3.44 3. 23 3.32 3.33 3.42
CaO 5.40 7.89 6.14 6.34 5.60 4.92 5.97 6.38
Na^O2 2.98 3.10 3.75 3.71 3.70 4.11 3.51 3.41o
CN
* 3.55 2.52 4.14 4.25 4.04 4.09 4.29 4.06
P2°5 0.35 0.33 0.34 0.81 0.75 0.84 0.74 0.68
LOI 2.32 0.83 2.58 2.88 2.02 2.74 2.57 2.21
SUM 99.49 99. 30 100.18 100.03 99.15 99.20 100.08 100.45
Y 22 29 32 31 27
Sr 1304 703 739 910 838 741 872
Zr 1 36 1 72 155
U 3 3 4 3
Rb 1 53 84 86 1 01 1 00 115 96
Th 7.3 2 8 7
Pb 28 22 28
Ga 16 17 18
Zn 66 94 87 69 88
Cu 59 114 227 249 441 236 226
Ni 21 23 16 11 2 15 14
Cr 9 3 3










- 4 0 1 -























































757 779 81 5
168 161
4 3 2
















































APPENDIX E (CONTINUED) TOTAL-ROCK CHEMISTRY BASALTIC ANDESITES
Sample 8060 8604 8606 8605 DR4237 DR5870 DR4235
Analysis 44 45 46 47 48 49 50
si°2 55.48 57.32 54.40 54.85 55.14 55.27 58.21
Ti°2 0.92 1.10 1.15 1.18 1.17 1.20 0.97
A1 0 2 3 17. 36 15.96 16.57 16.70 16.46 16.50 15.45
Fe2 3 4.78 3.40 4.54 4.77 3.01 5.38 2.38
FeO 2.61 2.57 2.98 2.41 3.54 2.06 3.82
MnO 0.1 4 0.15 0.16 0.17 0.14 0.14 0.21
MgO 3.54 2.27 2.95 2.67 2.36 2.33 2.89
CaO 6.66 3.37 5.08 4.19 3.15 5.41 3.03
Na 0 3.35 3.67 3.73 2.66 3.59 4.01 5.16
K2° 3.98 6.86 5.14 6.75 7.53 4.43 4.24
P2°5 0.78 0.94 0.98 0.98 0.96 0.96 0.82
LOI 1.38 1 .65 2.16 2.15 2.42 2.45 2.43
SUM 100.98 99. 26 100.12 99.48 99.47 100.14 99.61
Y 29 38 34 33 35
Sr 862 609 646 606 681
Zr 1 54 189 224 167
u 3 6 7 5
Rb 94 159 212 130 90
Th 6 6.8 4 11
Pb 18 32 56 18
G el 16 19 22 10
Zn 64 90 93 86 87
Cu 21 3 384 113 282 143
Ni 3 18 10 10
Cr 5 9 18 10










- 4 0 3 -
APPENDIX E (CONTINUED) TOTAL-ROCK CHEMISTRY ANDESITE
Sample GS5468 GS4998 8608 8069 8607
Analysis 51 52 53 54 55
SiO2 58.82 59.64 59.90 60.15 60.64
TiO2 1.28 1.10 1.24 1.06 1.16
A1 0 2 3 14.78 17.09 17.85 15.79 15.71
Fe 0 2 3 3.90 2.45 2.32 4.15 5.64
FeO 3.24 3. 21 2.11 2.49 2.01
MnO 0.20 0.17 0.06 0.09 0.17
MgO 2.26 1.66 1.14 1.99 0.84
CaO 3.09 3.88 2.03 2.90 2.95
Na20 4.67 3.52 3. 21 3.82 4.29
k 2° 4.70 5.88 6.90 5.12 5.22
P2°5 0.58 0.47 0.60 0.59 0.49
LOI 2.22 2.14 1.74 2.22 0.79
SUM 99.74 101.21 99.10 100.37 99.91
Y 23 37 55 53 43
Sr 605 322 280 252 326
Zr 150 365 427 460
U 3 12 6
Rb 42 199 259 205 192
Th 5 18 18 17.0
Pb 25 29 25
Ga 17 15 21
Zn 94 77 1 20 79 81
Cu 114 74 93 58 75
Ni 13 14 10
Cr 11 6


















- 4 0 4 -
APPENDIX E (CONTINUED) TOTAL-ROCK CHEMISTRY TERMEIL COMPLEX
Sample PC 267 PC272 PCI 31 PCI 64 PC 180 PC168 PC 162 GS8520
Analys»ij 56 57 58 59 60 61 62 63 64 65
Si02 49.46 49.56 49.94 49.80 50.60 47.84 48.14 48.45 50.27 51.38
TiC2 1.56 1.30 0.99 0.40 0.89 0.96 0.95 0.95 0.72 0.90
A1 0 2 3 16.51 17.54 1 3. 31 15.43 14.23 14.21 13.91 13.64 17.25 15.18
Fe„0, 2 3 4.70 1.20 6.96 4.70 4.87 6.93 5.45 5.17 6.56 7.30
FeO 6.16 7.83 5.00 5.39 6.77 5.49 5.56 5.81 4.74 3.06
MnO 0.21 0.22 0. 20 0.17 0.21 0.11 0.13 0.17 0.15 0.09
MgO 5.56 5.72 6.81 5.95 5.93 6.46 6.59 7.74 3.76 4.03
CaO 8.35 8.46 10.86 9. 52 10.45 10.47 11.17 10.59 5.87 7.07
Na 0 2 3.61 2.73 2.39 3.01 2.63 2.02 2. 36 2.42 4.07 3.10
k2° 2.11 2.08 1.83 2.48 2.18 2.22 2.10 1.83 2.98 3.53
P2°5 0.53 0.50 0. 32 0. 30 0. 35 0.33 0.24 0. 34 0.41 0.61
LOI *1.48 2.50 1.70 2.70 1.17 3.24 3.12 2.25 3.63 3.89
SUM 100.24 99.64 100.31 99.85 100.28 100.28 99.72 99.36 100.41 100.14
Y 26 24 17 24 22
Sr 1267 722 868 897 888 1128
Zr 108 115
U 2 1 2
Rb 104 55 53 51 83
Th 3 4
Pb 22 30
Ga 23 17 18 20
Zn 49 74 73 83 71
Cu 176 145 114 146 123
Ni 32
Cr 40
V 270 303 316 249
Co 42 41 36
Sc 30.7 29. 3 14.6
La 17 16 19
Ce 37 33 38
Sm 4.91 4.47 4.97
Eu 1.28 1.31 1.10
Yb 2.31 2.21 2.05
Lu 0.36 0.28 0.32
Hf 2.7 2.5 2.5
- 4 0 5 -
APPENDIX E (CONTINUED) TOTAL-ROCK CHEMISTRY MILTON COMPLEX
Sample GS5250 GS4916 PC250 PC 2 64 PC254 PC276 PC282
Analysis 66 67 68 69 70 71 72
SiO2 51.11 51.16 51 .65 51.83 52.02 52.04 52.55
TiO2 1.22 0.97 1.21 1.25 1.32 1.30 1.30
A1 0 2 3 17.70 19.16 17.86 18.10 16.97 17.04 17.66
Fe 0 2 3 3.99 3.98 4.92 4.89 5.27 3.93 3.82
FeO 5.13 4.64 4.75 3.51 4.50 4.46 4.30
MnO 0.25 0.22 0.20 0.19 0.22 0.20 0.18
MgO 3.43 3.73 3.23 3.74 3. 1 5 3.96 2.88
CaO 6.51 6.80 7.18 6.90 6.77 6.45 6.32
Na 0 2 3.97 4.05 3.69 4.03 4.12 4.22 4.61
K 0 3.25 2.89 3.01 2.99 3. 21 3.24 3.082
P2°5 0.65 0.56 0.51 0.58 0.47 0.63 0.69
LOI 2.94 2.23 2.41 2.51 2.62 3.20 2.82
SUM 100.15 1 00.39 100.44 100.52 100.64 100.67 100.21
Y 31 31
Sr 656 650 824 803 741 676 1 100
Zr 161 1 80
U 1 4 3 3 3 4
Rb 95 72
Th 7 6 6 7 8
Pb 26 21
Gel 15 15




V 1 97 226 201 236 229 191 221
Co 21 21 19 21 18
Sc 17.2 17.8 18.2 17.5 16.8
La 30 28 33 32 35
Ce 66 59 71 72 80
Sm 8.44 8.26 8.71 9.70 8.66
Eu 1.89 1.91 2.19 2.02 2.16
Yb 3.12 2.86 3.47 3.32 3.54
Lu 0.53 0.47 0.54 0.54 0.5Ó
Hf 5.0 4. 3 5.6 5.7 6.6
-406-
APPENDIX E (CONTINUED) TOTAL-ROCK CHEMISTRY MILTON COMPLEX
Sample PC263 PC207 GS5092 PC280 PC283 GS5107 PC281
Analysis 73 74 75 76 77 78 79
si°2 52.57 52.74 53.21 53.43 53.89 53.90 54.58
TiO2 1.33 1.35 1.13 1.31 1.39 1.28 1.37
A12°3 17.12 17.33 17.81 17.61 16.96 15.32 16.29
Fe 0 2 3 3.08 3.25 3.80 3.91 4.29 3.60 2.94
FeO 5.20 5.55 5.22 4.41 4.30 5.1 3 5.25
MnO 0.16 0.1 3 0. 25 0. 21 0.22 0.27 0.19
MgO 3.05 3. 71 2.96 3.05 2.71 2.41 2.60
CaO 6. 28 5.88 6.48 6.41 6.49 7. 30 4.82
Na 0 2 4.20 3.52 3.36 4.19 4.23 3.73 4.56
k 2o 3.52 3. 11 3.03 3.48 3.30 3.44 4.38
P2°5 0.67 0.71 0. 44 0.68 0.71 0.55 0.80
LOI 2.61 2.28 1.94 1.73 1.24 1 .74 2.10
SUM 99.78 99.56 99.63 100.42 99.73 98.67 99.88
Y 44 33 35
Sr 751 620 636 876 656 630
Zr 228 221
U 6 5 4 7 5
Rb 109 90 1 04 95 1 34
Th 7 8 9 16 8
Pb 27 34
Ga 19 20
Zn 86 85 66 45 72 65
Cu 257 1 69 198 296
Ni 12 9
Cr 10 11











APPENDIX E (CONTINUED) TOTAL-ROCK CHEMISTRY COONEMIA COMPLEX
Sample 2003 1999 1996 1994 1989 1985
Analysis 80 81 82 83 84 85
Si02 49.40 50.22 49.22 48.89 48.56 49.77
Ti02 1.07 0.98 1.04 0.91 1.07 1.24
a i 2o 3 16.91 18.00 16.78 16.59 16.87 16.18
Fe2°3 4.37 5.50 6.52 5.82 6.40 6.33
FeO 3.86 2.37 2.32 3.84 2.37 3.76
MnO 0.14 0.13 0.1 3 0.14 0. 1 3 0.17
MgO 5.72 5.65 6.38 7.08 6.63 5.47
CaO 9.03 7.99 7.92 8.67 9.07 8.25
Na20 3.01 3.29 3.17 3.20 2.90 3.83
OCN 2.19 2.31 2.19 1.53 1.52 2.28
p2°5 0.47 0.42 0.44 0.42 0.39 0.57
LOI 3.61 3.33 3.65 2.83 3.76 2.23
SUM 99.72 100.19 99.76 99.92 99.67 100.08
Y 24 22 23 20
Sr 768 1026 846 873 805 1100
Zr 110 103 119 84
U 1 1 1 1 1 1
Rb 56 66 54 34
Th 3 3 3 2 2 4
Pb 10 14 10 8
Gel 19 18 21 14 22 18
Zn 65 58 62 64
Cu 310
V 262 214 257 241 239 333
Co 27 25 31 32 32 26
Sc 19.5 18.4 21.0 21.5 22.7 23.6
La 19 17 18 15 15 22
Ce 40 36 40 32 34 51
Sm 4.92 4.49 4.71 4.47 4.20 5.68
Eu 1.44 1.38 1.40 1.26 1.29 1.68
Yb 2.05 1.81 1.82 1.63 1.71 2.41
Lu 0.31 0. 26 0.29 0.25 0. 25 0.34
Hf 3.0 2.7 2.9 2.1 1 .8 3.2
-408-
APPENDIX E (CONTINUED) TOTAL-■ROCK CHEMISTRY COONEMIA COMPLEX
Sample 1981 1979 1978 1975 1972 1971
Analysis 86 87 88 89 90 91
Si02 49.38 53.88 51 .77 52.44 50.67 50.23
Ti02 1.07 1.68 1 .07 1.45 1.10 1.13
Al2°3 17.60 14.35 16.43 15.54 17.57 16.88
Fe2°3 4.96 5.46 6.47 5.82 5.36 5.60
FeO 3.29 3.15 1.47 2.49 2.73 2.54
MnO 0.14 0. 21 0.13 0.16 0.13 0.14
MgO 5.12 4.23 5.05 4.50 5.42 5.27
CaO 8.90 5.69 7.48 7. 26 8.65 9.09
Na20 3.38 3.80 3.43 3.69 3.06 2.87
k 2o 1 .83 3.26 2.42 3.1 3 2.00 1.93
P2°5 0.45 0.96 0.46 0.75 0.50 0.50
LOI 3.44 2.83 3.56 2.64 2.74 3.74
SUM 99.56 99.50 99.74 99.87 99.93 99.92
Y 24 46 26 36 22 25
Sr 934 765 803 713 837 870
Zr 104 236 159 190 1 22 122
U 2 2 1 2 3 1
Rb 53 99 75 87 52 45
Th 2 6 3 5 3 3
Pb 8 15 1 3 17 12 11
Gel 10 20 23 20 18 16
Zn 84 77 108 51 66 65
V 268 347 235 316 274 299
Co 27 17 18 25
Sc 20.7 19.4 21.6 20.1
La 19 38 30 20
Ce 53 87 66 45
Sm 4.86 9. 16 4.58 5.06
Eu 1.46 2.47 2.05 1.41
Yb 2.15 3.56 2.90 2.13
Lu 0.28 0.55 0.47 0.34
Hf 2.9 5.8 4.6 3.0
-409-
APPENDIX E (CONTINUED) TOTAL-ROCK CHEMISTRY
STOCKYARD MOUNTAIN BASALT TOWRADGI DOLERITE
Sample PC202 PC203 PC201 7845
Analysis 92 93 94 95
Si°2 51.26 51.59 51.61 48.40
Ti02 1.28 1.28 1.28 1.54
A1203 16.89 16.90 17.05 15.90
Fe2°3 4.60 4.84 4.81 2.84
FeO 5.02 4.77 4.97 6.94
MnO 0.14 0.11 0. 25 0.19
MgO 4.41 4.32 4.55 7.37
CaO 7.67 7.66 7.85 8.78
Na20 3.50 3.58 3.46 2.32
k 2° 2.36 2.34 2.31 1.14
unO<NP* 0.68 0.68 0.70 0.41
LO I 1.41 1.56 1.67 4.02
SUM 99.22 99.63 100.51 99.85
Y 29 29 28
Sr 770 779 684 584
U 2 1
Rb 69 67 68 25
Th 4 2
Zn 73 82 69 87
Cu 238 249 186














APPENDIX F CIPW NORMATIVE MINERALOGY (WEIGHT %)
Sample 8070 8593 8071 GS5726 GS5376 8595 GS5428 8058
Analysis 1 2 3 4 5 6 7 8
Q 1.39 - - - 2.12 2.60 3.31 5.70
Or 16.73 13.59 16.55 19.56 22.75 1 3.65 15.13 14.89
Ab 25.81 33.43 34.27 33.59 24.88 29.70 28.60 25.1 3
An 29.69 26.16 25.53 23.76 20.78 22.06 19.78 23.73
Ne - - - - - - - -
Di 7.92 6.75 4.95 3.71 1.48 9.00 11.87 7.60
Hy 5.33 2.39 1.86 3.01 9.99 7.73 7.38 8.42
01 - 3.79 3.81 3.62 - - - -
Mt 5.63 5.92 6.61 6.53 8.31 9.19 7.25 8.12
11 1 .48 1.50 1.46 1.27 2.98 2.18 2.24 2.34
Ap 1.51 1.83 1.78 0.97 1.88 2.52 1.25 1.58
Cc - - - 0.23 0.66 0.23 0.05 0.07
C _ — _
Sample 8057 8594 8072 GS6771 8073 8596 8097
Analysis 9 10 11 12 13 14 15 16
Q 3.15 4.38 6.94 - 2.35 5.59 _ —
Or 27.01 14.12 18.97 32.68 25.71 29.96 -22.69 22.52
Ab 21.49 29.70 22.68 26.77 24.1 2 26.83 31.73 28.01
An 21.03 26.90 22.19 16.62 25.33 13.23 22.74 21.75
Ne - - - 0.67 - - - -
Di 5.43 6.78 11.66 2.93 - - 0.23 3.31
Hy 7.89 5.20 6.93 - 9.99 8.78 3.22 11.24
01 - - - 6.96 - - 7.552 0.41
Mt 8.55 8.85 - 5.95 5.29 6.54 6.02 5.66
11 2.43 2.49 1.52 1.71 1.56 1.99 1.05 2.03
Ap 1.71 1.48 1.30 2.04 1.58 2.22 0.95 1.00
Cc 0.02 - - 0.39 - - 0.82 0.60
C — _ 3.84 _ 0.57 2.19
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9 6.24 4.15 4.14 4.46 4.03 8.01 2.12 1.19
Or 14.24 14.12 14.24 14.48 16.25 14.89 24.59 23.76
Ab 25.56 29.45 29.62 28.01 27.84 23.27 34.78 32.33
An 27.49 24.39 22.71 22.08 24.13 25.07 14.59 18.43
Ne - - - - - - - -
Di 5.58 11.28 8.04 11.50 8.54 6.53 - 2.22
Hy 5.91 3.61 8.04 6.61 7.44 8.35 9.86 10.61
01 - - - - - - - -
Mt 6.10 2.57 6.10 6.96 5.95 7.58 5.39 5.64
11 2.07 1.99 2.68 2.28 2.09 1.94 1.99 2.07
Ap 1.00 0.97 1.51 1.11 1.00 1 .04 0.95 0.95
Cc 0.16 - 1 .02 0. 16 0.09 0.32 1.82 -
C - - — _ 0.48
Sample GS 5646 GS5649 8068 PC1 74 PCI 75 GS5431 8601
Analysis 25 26 27 28 29 30 31 32
0 4.72 2.45 8.64 6.36 5.86 — 1.24 4.24
Or 15.66 14.95 1 5.19 20.98 14.89 24.47 25.12 23.88
Ab 28.86 20.03 26.06 25. 22 26.23 31.73 31.39 31.31
An 24.67 24.39 24.13 24.51 25.93 20.19 13.88 16.24
Ne - - - - - - - -
Di 6.50 7.95 7.03 - 8.76 6.18 9.30 5.18
Hy 5.36 10.28 5.86 9.93 7.03 1.50 6.50 5.65
01 - - - - - 4.48 - -
Mt 6.06 6.24 7. 87 7.13 6.89 6.24 6.38 6.92
11 2.01 1.41 2.09 2.15 2.11 1.98 1.61 1.96
Ap 1.00 0.97 1.48 0.81 0.76 0.79 1.88 1.74
Cc 0. 32 0.39 0.21 - - 0.09 0.03
C 0.09
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A P P E N D I X  F ( C O N T I N U E D )  C I F W  N O R M A T I V E  M I N E R A L O G Y  ( W E I G H T  %)
Sample 8603 8063 8059 8065 8602 8064 8600
Analysis 33 34 35 36 37 38 39 40
Q 2.20 3.81 3.96 2.28 3.92 5.22 5. 34 5.79
Or 24.17 25.35 23.99 25.94 23.11 24.35 23.34 23.46




12.61 16.08 20.54 12.34 16.48 17.86 20.47 19.26




8. 20 5.69 6.36 8. 36 5.15 6.26 7.71 6.79
5.51 6.67 4.60 5.50 6.24 6.86 5.86 6.71
11 2.01 1.86 1 .79 1.99 1.94 1.82 1.81 1.94
Ap 1 .95 1.71 1.60 2.06 1.74 1.69 1.62 1.74
Cc - 0. 11 0.25 0.77 - 0.18 0.11 -
C _ _ _ — _ — _ _
Sample 8061 8066 8060 8604 8606 8605 DR4237
Analysis 41 42 43 44 45 46 47 48
9 4.10 - 2.68 5.02 2.40 1.65 3.50 —
Or 25.59 24.23 25.65 23.52 40.54 30.38 39.89 44.50
Ab 28.69 43.07 35. 20 28.35 31.06 31.56 22.51 29.26
An 15.95 9.19 11.73 20.58 4.82 1 3.29 13.69 6.56
Ne - - - - - - - 0.61
Di 6.26 6.77 3.08 5.69 2.95 4.30 0.54 2.05
Hy 6.88 0.73 9.15 6.18 4.65 5.47 6.40 -
01 - 4.89 - - - - - 5.22
Mt 6.86 5.10 5. 22 6.20 4.93 6.58 4.90 4. 36
11 1.92 1.69 1.96 1.75 2.09 2.18 2.24 2.22
Ap 1.74 1.37 1.71 1.81 2.18 2.27 2.27 2.22
Cc 0.11 0.64 0.48 0.23 - - — 0.09
C
- 4 1 4 -
A P P E N D I X  F ( C O N T I N U E D )  C I P W  N O R M A T I V E  M I N E R A L O G Y  ( W E I G H T  %)
Sample DR5870 DR4235 GS5468
Analysis 49 50 51
P 4.08 2.61 5.37
Or 26.18 25.06 27.78
Ab 33.93 43.66 39.52
An 13.94 6.47 5.49
Ne - - -
Di 5.12 1.88 7.73
Hy 3.43 10.12 2.96
Ol - - -
Mt 3.62 3.45 5.66
11 2.28 1.84 2.43
Ap 2.22 1.90 1.34
Cc 0.02 0.32 0.11
C __
Sample PC272
Analysis 57 58 59
P - 2.35 10.11
Or 12.29 10.82 14.66
Ab 23.10 20.22 2.55
An 29.46 20.19 33.43
Ne - - -
Di 7.60 24.92 9.52
Hy 11.53 7.41 15.91
01 7. 79 - -
Mt 1.74 10.09 6.82
11 2.47 1.88 0.76
Ap 1.16 0.74 0.70
Cc _
GS4998 8608 8069 8607 PC267
52 53 54 55 56
7.40 9.67 10.87 10.21 -
34.75 40.78 30.26 30.85 12.47
29.79 27.16 32.33 36.30 30.55
1 3. 21 6.16 10.41 8.19 22.61
- — — 2.53 12.34
6.51 4.59 4.96 0.92 1.09
- - - - 8.70
3.55 0.34 5.25 3.67 6.82
2.09 2.36 2.01 2.20 2.96
1.09 1.39 1.37 1.14 1.23
1.07 - 0.05 - -
0.09 2.85 0.15
PC1 31 PC 164 PC180 PC 168 PC 162
60 61 62 63 64
- 0.48 — —
1 2.88 13.12 12.41 10.82 17.16
22.26 17.09 19.97 20.38 34.44
20.59 23.15 21.16 20.95 20.00
23.45 21.10 27.65 23.42 5.14
9.40 9.82 0.46 6.56 3.93
0.97 - 5.12 4.80 3.84
7.06 10.05 7.90 7.50 9.51
1.69 1.82 1.80 1.80 1.37
0.81 0.76 0.56 0.79 0.95
- - _
C
- 4 1 5 -
A P P E N D I X  F ( C O N T I N U E D )  C I P W  N O R M A T I V E  M I N E R A L O G Y  ( W E I G H T  %)
Sample GS8520 GS5250 GS491 6 PC 2 50 PC 2 64 PC 254 PC 2 76 PC282
Analysis 65 66 67 68 69 70 71 72
0 3.42 - - 0.47 _ _ _ _
Or 20.86 19.21 17.08 17.79 17.67 18.97 19.15 18.20
Ab 26.23 33.59 34.27 31.23 34.10 34.86 35.70 39.01
An 17.08 20.88 25.57 23.28 22.47 18.33 17.99 18.40
Ne - - - - - - - -
Di 10.91 5.82 3.64 7.24 6. 26 9.72 7.93 6.81
Hy 4.98 2.32 1.20 7.60 5.80 3.76 1.57 1.60
01 - 5.88 7. 49 - 0.90 1.14 5.51 3.77
Mt 7.55 5.79 5.77 7.13 7.09 7.64 5.70 5.54
11 1.71 2.32 1.84 2. 30 2.37 2.51 2.47 2.47
Ap 1.41 1.51 1.30 1.18 1.34 1.09 1.46 1.60
Cc - - - - - - - -
c — _
Sample PC263 PC207 GS5092 PC280 PC283 GS5107 PC281 2003
Analysis 73 74 75 76 77 78 79 80
Q - 2.20 3.73 - 1.75 2.98 _ _
Or 20.80 18.38 17.91 20.57 19.50 20.33 25.89 12.94
Ab 35.54 29.79 28.43 35.46 35.80 31.56 38.59 25.47
An 17.47 22.30 24.56 18.97 17.55 14.90 11.05 26.16
Ne - - - - - - - -
Di 7.61 1.82 3.85 6.76 8.05 14.56 6.28 12.29
Hy 2.47 13.87 10.54 6.63 5.35 3.68 3.36 8.44
01 4.75 - - 0. 58 - - 3.91 1.42
Mt 4.47 4.71 5. 51 5.67 6. 22 5.22 4.26 6. 34
11 2.53 2.56 2.14 2.49 2.64 2.43 2.60 2.03
Ap 1.55 1.64 1.02 1.58 1.64 1.27 1.85 1.09
Cc — — - — - — —
C
- 4 1 6 -
A P P E N D I X  F (CONTINUED) C I F W  N O R M A T I V E  M I N E R A L O G Y  (WEIGHT %)
Sample 1999 1996 1994 1989 1985 1981 1979 1978
Analysis 81 82 83 84 85 86 87 88
P - - — 0.66 - 0.05 5.56 2.85
Or 13.65 12.94 9.04 8.98 13.47 10.82 19.27 14.30




27.53 25.09 26.39 28.53 20.22 27.45 12.47 22.29
7.30 8.82 10.87 10.84 31.22 10.76 7.39 9.20
Hy 10.40 10.47 10.22 11.49 1.50 8.18 7.11 8.31
01 0.22 0.93 2.35 - 4.20 - - -
Mt 5.22 4.89 8.44 4.96 9.08 7.12 5.97 2.06
11 1 .86 1.98 1.73 2.03 2.36 2.03 3.19 2.03
Ap 0.97 1.02 0.97 0.90 1.32 1.04 2.22 1.07
Cc - - - - - - - -
C _
Sample 1975 1972 1971 PC 202 PC 20 3 PC201 7845
Analysis 89 90 91 92 93 94 95
P 1.98 2.46 3.32 1.36 1 .88 1.62 0.59
Or 18.50 11.82 1 1.41 13.95 13.83 13.65 6.74
Ab 31.23 25.89 24.29 29.62 30.29 29.28 19.63
An 16.60 28.30 27.48 23.41 23.13 24.17 29.61
Ne - - - - - - -
Di 11.31 8.34 11.18 8. 17 8.31 8.16 9.10
Hy 5.97 9.40 7.95 10.64 9.55 10.93 22.17
01 - - - - - - —
Mt 4. 35 6.03 5.37 6.67 7.02 6.97 4. 1 2
11 2.75 2.09 2.15 2.43 2.43 2.43 2.93
Ap 1.74 1.16 1.16 1.58 1.58 1.62 0.95
Cc - — —
C
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FIG. 2-3
Geological map of the Nowra-Wollongong region showing the distribution 
of the Late Permian extrusions. Geology extensively modified after
Harper (1915) and Bowman (1974)
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